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CHAPTER I 
INTRODUCTION 
1. Introduction 
The grade placement of scientific principles has been undertaken by 
the Boston University School of Education, Science Department, as a 
project to be carried on through the succeeding years under the direc-
tion of Dr. John G. Read. The experiment will be concluded when enough 
pupils and schools have been included in the study to make the conclu-
sions statistically significant. As more data are accumulated, the ex-
tent to which the study will have to be carried should become apparent. 
When a sufficient number of principles has been tested a complete 
overall report can be written giving the conclusions. That is, there will 
be a 'percentage of learning' index for each principle for each modal 
mental age level. From this index it should be possible to ascertain 
that if a certain principle is taught to a certain modal mental age 
level then a certain percentage of the pupils can be expected to learn 
the principle. 
This year both the background for the study and the design of the 
experiment are being done under the guidance of Dr. Read and 
Mr Herbert Oxendine. Also, the first group will start the experiment 
with each experimenter taking one principle. The teaching method will 
be a lecture-demonstration. The amount of learning will be measured 
by identical tests given before and after the lecture-demonstration. 
Data to be gathered will consist of the test scores, the pupil's I.Q., 
M.A., C.A., sex, previous science instruction and science background. 
2 
The results to be found by each individual participating in this study 
will be for only one or two grades in several schools. This will give 
an indication of the next grade that should be tested depending upon 
the 'per c.e ntage of learning' for that modal mental age level. 
As the study proceeds investigation into these principles· will be 
continued and others started until there is an index of the 'percentage 
of learners' for each modal mental age level for each principle. Each 
experimenter starting a new principle will leave his material for many 
teachers -in-service to use when he is finished. This will include 
the demonstration, a copy of the script, a tape recording of one of 
the actual lecture-demonstrations and the test. The same material 
will be used throughout the study for the same principle. The sample 
of schools will be ch sen each year so that complete coverage may 
be made of each socio-economic level for grades 3-12. 
It is assumed for this study that there will exist a difference in 
the percentage of learners at different mental age levels. It is also 
assumed that the time spent in a good demonstration with a care-
fully prepared talk would produce a small increment of learning. 
The committee whose responsibility it was to compile the data in-
cluded in the literature as background for this study consisted of the 
following members under the chairmanship of Norman G. Mills: 
Isabel L. Bouin 
John T . Callahan 
James Creighton 
Wallace J. Gleekman 
Eugene H. Goldrick 
George F. Griffin 
Robert H. Jackman 
Eleanor Kancevitch 
John G. Minot 
Henning A. Sahlberg 
Vincent J. Silluzio 
Schuyler G. Slater 
Virginia M. Wilson 
3 
4 
2. Justification 
Very little scientific evidence is available on the grade placement 
of science principles Because of the great increa·se of scientific 
knowledge, educators emphasize the need for research that will de-
termine the age levels at which science concepts, principles and 
skills may be introduced into the curriculum with optimum effective-
ness. 
Beck l I states that because scientific knowledge is accumulating 
at such a rapid rate, there is neither time nor excuse for teaching 
the elementary scientific concepts in the higher grades. He points 
out that the scientific background and foundation prerequisite to an 
understanding of the individual science courses offered in the high 
schools are lacking in the beginning students. To find a solution to 
this problem, he suggests that research be started to determine,' 
... what fundamentals of science can we expect most children of si-
milar ability and cultural background to master at each maturity 
level'. Y 
From a Progress Report of the Committee on Research in 
Elementary Science for the National Association for Research in 
Science Teaching, Venin]/ believes that with the great expansion 
.!/ Alfred D. Beck, 'Some Unanswered Questions Pertaining to the 
Organization of a Twelve Year Science Sequence~, Science Education 
(April, 1948), 34:176-177. 
!:_I Ibid., p. 177. 
31 John Venill, 'Needed Research Studies in the Junior High Schools\ 
Science Education (April, 1948), 32:17 5-185. 
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of scientific knowledge, concepts which previously have been reserved 
for high school science courses will have to be taught in the junior 
high schools. He summarizes that, • ... studies should be made on 
pupil readiness for more advanced science concepts. •JJ 
In the Thirty-first Yearbook the National Society for the Study of 
Education!:./ suggests that a twelve-year sequence of science be taught, 
based on the broad generalizations of science. As an outgrowth of 
this plan, many problems for research were recognized. Morrison~/ 
places the selection and sequences of courses within the curriculum 
and the grade placement of topics at the top of a list of needed re-
search in science teaching. 
However, research on the location of curricular material in science 
classes is complex. In order to make such studies objective and mean-
ingful, educators, says Bellack, must take into consideration the basic 
findings from the fields of educational philosophy, sociology, child 
growth and development and psychology of learning . .±/ 
The writer believes that the aim of education is to give some 
meaning, some security and purpose in life. Ideally, education should 
provide an understanding of the diversity and richness of the present-
}] John Venill, op. cit., i-· 175. 
2/ National Society for the Study of Education, A Program for Teaching 
Science , Thirty-first Yearbook, 1932, Part I, The University of Chicago 
Press, Chicago, Illinois. 
3_/ Ibid., p. 354. 
4/ Arno A. Bellack, •sequence and Grade Placement', Journal of Educa-
tional Research (April, 1948), 41:623. 
6 
day world and take into account our uncertainty on ideas of life and 
the unive-rse. More specifically, science education seeks to teach 
effectively those principles and skills of science which touch so 
largely upon everyday life. The aims of science teaching are con-
tributary to the aims of education, mainly, as Bellack says, "life 
enrichment." _!/ 
In our society great emphasis is placed on education. Laws com-
pel schooling up to a certain age, and all children are assured a free 
education. It is the school's responsibility both to society and to the 
children to present those activities which will prepare the individual 
student to participate intelligently in our democratic society. 
Bellack~/ further says, "In planning the sequence and place ment 
of school experiences, then, consideration must be given at every stage 
to the demands of society in regard to both the important responsibi-
lities of citizenship and the great variety of learnings and adjustments 
occasioned by circumstances peculiar to our culture.,. 
In part, grade placement of curricular material is a matter of 
providing experiences at each grade level which are suitable to the 
maturity level of the students . and are designed to achieve the 
objectives of the program~l/ Kingsley defines maturation as •• the 
})Arno A. Bellack, op. cit., P· 42. 
!:_I Ibid., p. 623. 
21 Ibid., P· 625. 
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normal physical growth of the physiological functions. If these physio-
logical structures have not developed to the point where the child can 
carry on the activity essential for a particular kind of learning, it is 
quite obvious he will be unable to achieve success in this direction. "1/ 
In order to obtain the maximum efficiency in learning, maturation 
of the child must be considered carefully. Hilbreth 1:./ points out that 
if a child is presented with a problem which is beyond his maturity 
level, he will reduce or simplify the problem to his own realm of 
:understanding which may lead to misconceptions and make learning 
more difficult when the proper maturation level is reached. Washburnei/ 
points out that if a child is presented with a problem above his maturity 
level with the implication that he should succeed, it will give him a 
·feeling of failure and undermine his security. uinstead we must guide 
him into those learning situations that he can attack effectively and with 
sufficient success to yield satisfaction, encouragement and growth . .,±/ 
Many of the studies that have attempted to assign learning experien-
ces to definite maturity levels have been concerned with motor-skill 
development in pre-school children . ...?/ But a number of studies have 
I/ Howard L_ Kingsley, The Nature and Conditions of Learning, Prentice-
Hall Inc., New York, 1949, p. 49. 
2/ Gertrude Hilbreth, "The Difficulty Reduction Tendency in Perception 
and Problem Solving,., The Journal of Education Psychology {April, 1941). 
32:305-313. 
3/ National Society for the Study of Education, Child Development and the 
Curriculum, Thirty-eighth Yearbook, 1939, Part I, University of Chicago 
Press, Chicago, Illinois. 
_i/ Ibid., p. 3. 
5/ Marian E. Breckenridge and Elee Vincent, Child Development, W. B. 
Saunders c,--,mpany, Philadelphia, 1949. 
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been made to determine the role that maturation plays in the develop-
ment of various concepts, among· them that of Pis tor Y who conducted 
an experiment to determine how time concepts are acquired by chil-
dren. Two groups of 320 children were used in the study. In grades 
four and five, traditional separate courses in geography and history 
were taught to one group while the second group was taught geography 
as a major course and history incidentally. In the sixth grade the 
first group was given instruction with special attention placed on time 
charts, time lines and other teaching aids. The other group had 
regular instruction with no special importance placed on time concepts. 
Through analysis of test results at the completion of the sixth grade, 
it was found that the group with special instruction gained slightly, 
but not significantly, in time-concept understanding, over the group 
without special instruction. Pistor concludes that u ••• evidence points 
heavily in favor of maturation rather than training as the dominating 
factor in time-concept development. u '!:.,/ 
Piaget 2./ attempted to assign stages in the child '·s thought develop-
ment to maturity levels. Through personal interviews, questions were 
asked relating to the child's ideas of the causes of natural phenomena. 
1/ Frederick Pistor, "How Time Concepts Are Acquired by Children", 
Educational Method (Nov. 1940), 20:107-112. 
~/Frederick Pistor, op. cit. p. 111. 
3/ Jean Piaget, The Child's Conception of the World, Harcourt, Brace 
&. Company, Inc.~ New York, 19Z9. 
• --=· 
9 
The responses· were then placed in categories developed by Piaget. 
For example, Piaget traced three steps in concept development relating 
to the origin of the sun and the moon. The first step was that of 
artificiality of that the sun and moon were made by some human being. 
The second step was a belief that the sun and moon were developed 
by a combination of artificial and natural causes. The third stage 
in this development was the belief in a completely natural origin 
of the sun and the moon. The implication was that the child passed 
from one stage to another only when he had reached the proper 
maturity level. Due partly to the complexity and the subjective 
nature of interpreting the responses of the children, Piaget's method 
has been criticized and his condlusions challenged. 
Deuts cheJ../ conducted a study at the University of Minnesota in 
another attempt to trace the development of concepts of causal rela-
tions in children. Identical demonstrations and tests were given to 
children in grades three through eight. Three experts familiar with 
Piaget's work attempted to classify the answers to the test items into 
Piaget's categories. There was little agreement among the jury as 
to where each response should be placed. It was found that there was 
a great deal of overlapping, that most kinds of answers were found 
over the entire age group and that the answers of children of a 
given age group could not be classified into a single type. Deutsche 
1 / Jean Marquis Deutsche, The Development of Children's Conce:p~ 
or-causal !elations, The University of Minnesota Press, MinneapoLs, 
1937. 
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concluded that .. Causal thinking apparently does not develop by stages 
but by a gradual process ... _!/ She also found that the adequach of 
the answers to the test questions increased with age, and the greatest 
increase noted was between the ages of 11 and 12 years}.! 
Haup.J/ sought to gather evidence to find out if young children 
were capable of the mental activities associated with the .. large 
generalization" type aim. His study was limited to grades one through 
six. Haupt found that the ability to generalize prevailed at all grade 
levels, but that this ability was limited by the complexity of the con-
cepts studied. 
Croxton's .±/study also indicates that children in the higher pri-
mary, the intermediate and the junior high school are capable of 
generalizing. 
However, grade placement of curricular material is not entirely 
a matter of maturation. It is a matter of learning readiness which 
includes maturation, experiential levels, interest and attitudes, social 
pressures and training. But these factors are extremely difficult to 
separate for study. In the human body every organ is an integrated 
}} Jean Deu1sche, op. cit., p. 93. 
!:_I Ibid.'. p. 29-42. 
3/ George W. Haupt, An Experimental Application of a Philosophy of 
Science Teaching in an Elementary School, Teachers College, Columbia 
University C ntributions to Education, No. 633. Bureau of Publications 
Teachers College, Columbia University, New Y'""rk, 1935. 
4/ W. C. Croxton, .. Pupils Ability to Generalize", School Science and 
Mathematics (Jan. 1936), 36:627-634. 
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part of the whole body. If one organ is malfunctioning, it will affect 
the normal activity of the whole organism. Similarly, the child is a 
composite of many factors, each affecting the functioning of the other. 
All experiences, according to Dewey,.!/ both take up something 
from those which have gone before and modify in some way the 
qU;ality of those which come after. Wes~/ says that it is useless 
to show that a given volume of warm air is lighter than the same 
volume of cold air before the concept that air is something that 
has weight and occupies space is understood. So while the pupil 
may be at the maturity level for understanding a certain concept, 
if the necessary background is lacking, he will not learn effec• 
tively. Even if the maturity and experiental levels are adequate 
for learning, lack of interest or proper attitudes, inadequacy of 
teaching method and materials may account for unprofitable learning. 
This study is designed to establish a learning index of the 
various scientific principles. This learning index will indicate the 
approximate mental age level at which these principles can be 
taught effectively to children of similar ability and background. Be-
cause of the complexity of the learning process, absolute values as 
to where each principle should be included in the curriculum is not 
1/John Dewey, Experience and Education, The Macmillan Co., New 
York, 1938, p. 7. 
2/ Joe Young West, uno We Expect TooMuch or Too Li1tle of Children 
Trom Their Experiences in Science? •• Science Education (Oct. 1944), 
33:298. 
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expected, but the results may prove helpful to curriculum· planners 
in determining the grade placement of these principles. The re-
sults of this study will be of importance to classroom teachers, 
textbook writers, standardized-test -makers, and producers of 
visual-aids. It may, moreover, help bring about an orderly, sys-
tematic teaching of science, resulting in more and efficient learning. 
3. Design of the Experiment 
A. Scope and Limitations 
13 
The objective of this study is to establish a learning index for 
a number of scientific principles both in the elementary and secon-
dary grades, the total study being made over a period of approxi-
mately ten years. An index of learning is to be assigned to each 
level at which the experiment is carried out. 
A beginning has been made here by twenty-eight students working 
with different principles. Subsequent investigators using identical 
techniques with the same or other principles at different age levels 
may, after having secured data on a large number of pupils, pre-
dict with some accuracy where a certain principle might be taught 
with knowledge of its being understandable to the majority of pupils 
at that age level. 
The procedure to be described is essentially the same in all the 
studies made by those twenty-eitht investigators. However, since 
certain of these persons could not, of necessity, meet all of the 
conditions here set down because of their own teaching duties, the 
procedure has had to be slightly varied in such cases. Whenever any 
changes have been expedient, it will have been noted in subsequent 
chapters. 
The population used in the study made by this first group of 
investigators is composed of pupils from the third to the twelfth 
grades. They are a stratified sampling of the school population of 
several New England states. 
14 
Each pupil's mental age is known through the use of chrono-
logical age, as furnished either by the pupil himself or the teacher, 
and the 1.0. obrained from the results of the administration of the 
Otis Quick-Scoring intelligence test. This enabled the experimenter 
to establish the mental modal age for each grade division of pupils 
tested. 
The pupils whose test scores are included in the study all have 
mental ages within the limits of one year from the highest to the 
lowest. Once the modal mental age had been established, only the 
scores of those pupils with mental ages of plus or minus six 
months from the mode were selected to be included in the subse-
quent analysis. 
Each investigator has examined two class divisions in five 
schools. Of the total of ten groups included, five are samples of 
the same grade level and the other five are samples from a diffe-
rent grade level which are separated from the first five samples 
by two years; that is, if a particular investigator chose five tenth-
grade divisions, he will also have chosen either five eights- or 
five twelfth-grade divisions. 
Two examinations have been given to all pupils included in this 
study. The first will be known as the pre-test and the second as 
the post-test. They were identical. The post-test was given within 
an hour after the administration of the pre-test. The time lapse 
between the two was occupied either by the presentation of a 
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demonstration serving to illustrate the particular principle being 
tested, in the case of what is known as the experimental group, or by 
reading non-relevant material by the group to be known as the control. 
Strict discipline was maintained in each group in order that the 
pupils might not communicate with one another or be distracted from 
the examination or the demonstration given. 
The demonstration was of large enough. size, and was well 
lighted, so as to be seen by all the pupils in the class room easily. 
B. Discussion of Procedure 
The first step involved the selection by each investigator of a 
principle to be demonstrated and tested. Such accepted lists as that 
compiled by Robertson.!/ were consulted. 
A review of the literature established that the teaching of princi-
ples is an effective method for teaching science. It was found that 
facts were retained better when pupils were taught by principles. 
Also, relationships in applied learning were perceived more easily. 
Further findings on science teaching by principles are discussed in 
greater detail in a subsequent section. 
The second step consisted in devising one or more demonstrations 
which illustrated the chosen principle. The time allotted for this 
teaching material was in most cases approximately 15 minutes. These 
demonstrations were necessarily simple, large, and contained as nearly 
as possible the "purity of concept" which has been interpreted by 
1/ Martin L. Robertson, .. Selection of Science Principles Suitable As 
Goals of Instruction in the Elementary School .. , Science Education 
(April, 193 5), 19:65-70. 
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Nichols!/ to mean that the demonstration illustrates one and only 
one principle, But if all other principles could not be eliminated, 
they were judged not to lead to a misconception of the material 
taught. 
The demonstration material of each experimenter was decided 
upon and the apparatus set up after having been presented to and 
passed on by a board consisting of a small group of investigators, who 
in turn, held their demonstration material up to scrutiny by fellow 
board members. 
In a subsequent section of this thesis are discussed the cri-
teria for a good demonstration. The eleven pertinent points are 
summarized as follows: 
1. The demonstration should illustrate a basic principle. 
2. The demonstration should illustrate one prirx:iple only. 
3. The action of the demonshe.tion should be clearly visible 
to all. 
4. The apparatus should be on a large scale. 
5. The demonstration should be simple and the speed of action 
suitable. 
6. The demonstration should work> it should be as infallible 
as possible. 
7. The demonstration should be dynamic. 
1/ W. M. Nichols, New and Improved Demonstrations For Use in 
Teaching Scientific Principles in Chemistry, Unpublished Master's 
Thesis, Boston University School of Education, 1950, p. 4. 
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8. A slight dramatic element is sometimes useful. 
9. An element of the unexpected is sometimes effective. 
10. The apparatus should be of easily available and inexpensive 
material. 
ll. The apparatus used in a given demonstrp.tion should be 
stored away intact until it is to be used again. 
All members of the group have adhered rigidly to these criteria. 
It might be mentioned here that research, which will be des-
cribed in Chapter 2, on the idea that demonstrations are effective 
brought to light the fact that the demonstration is equal to or better 
than any other method of teaching science. Thus it is seen that if 
a particular scientific principle can be taught at a certain age level, 
the demonstration method is as good a way known to aid in the teaching 
of it. 
After having perfected the demonstration a third step in the proce-
dure was followed. Each investigator devised a test of the four-
answer multiple choice type to be administered in not over 15 minutes 
time. Thi., type consisted of approximately thirty items divided into 
three groups. The first ten items were based directly on the demon-
stration to be given. The second group consisted of items which in-
volved transference; that is, these items did not test an understanding 
of the demonstration directly but tested the ability to apply the scien-
tific principle-involved to other simple nearby situations. The last ten 
items were more difficult; they involved an application of the principle 
but were of such a nature that correct answers might be made ·by the 
pupils who had gotten the most from the demonstration. 
lS 
All of the items were so worded that the pupil cottld be given this 
test before the demonstration had been seen and yet answer the questions 
if he understood the principle. For example1 a question might be begun 
with a phrase such as "If a tight wir~ is plucked, o •• o oo ", etc. 
In order to establish a suitable vocabulary for the items on the y 
test, Thorndike's -T~ea_c_h_e~r_•_s ~~was used. This volume lists 
words used most often in standard English reading materialo Words used 
in the items were compared with the list to suit either the elementary 
or the secondary gradeso If the particular words were not mentioned9 
others had to be substituted. The final .form of the test contained a 
vocabulary which was suitable to the level at which each investigator was 
working. A copy of the writer's test is included in the appendixo 
The test items were put in the interrogative form whenever practical 
with the answer to each consisting of one correct response and three dis-
tractors. 
When the test was completed, it was presented to the same board which 
had previously judged the quality of the demonstration materialo The items 
were passed if, in the opinion of the board, they were valid. An answer 
sheet for the test was devised whereby an enclosed space was left after 
the number of each item for the letter of choice. 
y Edward L. Thorndike and Irving Lorge, The Teacher's Word Book o:f 
30,000 Words, Bureau of Publications9 Teacher's College, Columbia 
University, New York, 1944. 
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The fourth step in the procedure involved the administration ot 
the test to approximately one hundred pupils of the same grade level as 
the pupils for which it was finally intendedo The results were incor= 
porated in an item analysis which is desc:ribed in a later section of this 
thesis. Any items which were shown not to be serving especially well 
were left on this final form ot the test but only those items which were 
functioning well were used in subsequent compilations. 
As the fifth step, a script to accompany the demonstration was written 
by each investigator using a sui table vocabulary selected from Thomdike v s 
word list. Y This was not to be read~ to the experimental group while the 
demonstration was shown but served as a guide for the demonstration 
lecture, key points of the written procedure having been committed to 
memory by the experimenter. This minimized the probability of the indi-
vidual lectures varying widely from day to day• 
The investigator then presented his lecture and demonstration to a 
few pupils inviting comments after the presentation. In this manner both 
the script and demonstration were refined. 
At this point in the procedure, the test and the demonstration were 
ready to be given. Each investigator had written to superintendents of 
schools, receiVing permission to test pupils of two particular grades in 
each school. Altogether five schools were selected and thepupils of two 
grade divisions in each school were chosen as subjects for the experiment. 
y Edward Lo Thorndike and Irving Lorge, ,2£o ill• 
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In some cases, investigators chose the elementary grades and in others~ the 
seconda:r;y. 
The sixth step involved the administration of the Otis Quick-scoring 
intelligence test, by the investigator or the teacher of each particular 
division, during a period within two weeks of the demonstration. 
The largest part of the experimental work is contained in the seventh 
step. On a prearranged date at a prescribed hour all the· students of one 
class were pre-tested at the same time; that is, the examination was pre-
sented to the pupils before the principle was demonstrated. They were 
first given a test booklet and an answer sheet marked Test 1 on which there 
was a place for the filling in of the following informationg name, sex, 
date of birth, name of school and town$ and the previous training each 
pupil had in science. With regard to some of these items, in the lower 
elementary grades the information noted had to be cheeked and, many times, 
supplied by the teacher. 
Each answer sheet contained a random number in the upper right hand 
corner and also a place for the investigator to later fill in any informa-
tion he desired such as socio-economic background, I.Q., etco A sample 
answer sheet is shown in the appendix. 
The time allotted for the pre-test was approximately fifteen minutes. 
At the end of this time the answer sheets were collected and half of the 
pupils in the class were sent to another room, after handling their test 
booklets to the demonstrator or the teacher in chargeo The remaining 
half kept their booklets and stayed in the room to see the demonstration. 
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Half of the pupils were randomly selected according to a method 
y 
used by Lindquist • A table in his book was consulted and utilized. 
To explain the use of the table, it is perhaps expedient to use a hypo-
thetical class in a single run of the experiment. Since there are 36 
pupils in this class and half are to be 11e-lected at random, 18 pupils must 
be chosen arbitrarily. The first step is to assign numbers from 00 to 35 
to the 36 answer sheets. This may be done in any order. Then it is 
necessary to select a starting point on the table by referring to a column 
?:I 
and row number. As Lindquist states, 
"This starting point should be determined before looking at 
any number in the table. Once having selected the starting point 
and direction, no pecularity in the numbers read should be permitted 
to cause one to disregard the results and start anew at another 
point." 
From the starting point and reading in the chosen direction, the first 
18 unlike numbers below 36 are taken and the pupils previously assigned 
these numbers are then one of the halves of the class. 
After the class was divided, the answer sheets for the pre-test were 
collected and half the class was· removed, as stated above. This half was 
designated as the control group. They spent the next 15 minutes reading 
silently some non-science material in another room. 
Up to this time, the denonst-ration apparatus, which had been previously 
placed in the room where the pre-test had been given, was kept covered with 
a cloth. With only half the original group present, these demonstration 
!J Everet F. Lindquist, Statistical Analysis in Educational Research 9 
Houghton Mifflin Co~pany, Boston, 1940, table 18, P• 262. · 
y ~., p. 26. 
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materials were uncovered and the investigator began his experiments with 
his accompanying remarks of explanation. 
When the demonstration, having lasted approximately 15 minutes,~) was 
over, a post-test answer sheet marked Test 2 was distributed to each pupil. 
This sheet was the same as that for the pre-test with the exception of the 
identifying test number. The original closed test booklet, which was to 
be used for the post-test, had been placed in the upper right hand corner 
of each pupil's desk. The group had previously been cautioned by the 
demonstrator not to open the booklets or talk among themselves while he 
was experimenting. 
The post-test, being identical to the pre-test since the test booklet 
contained only the one test, was then administered to this experimental 
group. At the end of the allotted 15 minutes, the booklets and both 
answer sheets were collected. 
Meanwhile in the room to which the other half' of' the class, the 
control group, had moved, the same post-test was given as was administered 
to the experimental group by a teacher who also Sllpplied the pupils with 
an answer sheet marked Test 2 and a test booklet. After about 15 minutes 
had elapsed, the papers and booklets were collected. 
In the cases where the investigator was working with elementary 
grade school pupils, the demonstration was given to the control group 
aft,er they had taken the post-test because of the interest they undoubt-
edly had, because of administrative reasons, and» more important,~) because 
the time element was not such an important factor as it was in the 
secondary school where the control group was not given the demonstration. 
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This same procedure was repeated with individual divisions in each 
school until1 as mentioned above, data on a total of ten divisions in 
five schools was collected. 
It has been found that a reliable method of measuring the amount of 
learning of some specific activity, is by means of the test-retest method. 
By using the test-retest method, the level of previous knowledge concern-
ing the activity may be established. Using this information any gain in 
knowledge can be easily established. A detailed section on the test 
technique will be found in the next chapter. 
The eighth step in the experimental procedure involved the compila-
tion of statistics using the scores on both the pre-test and post-test, 
the group modal mental age which had been computed from the I.Q. and the 
chronological age of each pupil. As was stated above only the scores of 
those pupils wi. th mental ages of plus or minus six months from the mode 
were included in the statistical analysis. If a pupil of the experimen-
tal group showed a lack of understanding of the questions relating 
directly to the demonstration on his post-test, his scores were excluded 
from the analysis. A score which was less than 80 per cent correct on 
this part of the post-test was not used. The second chapter of this 
thesis contains a detailed explanation of how the scores were handled 
statistically. 
The ninth and final step of the procedure was the making of a tape 
recording using the previously refined script for the demonstration 
lecture. When this had been done and the resulting recording found 
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satisfactory, it was packaged along with the test booklets~ sample answer 
sheets, and the demonstration materialo In this way~ all necessary 
information and equipment will be ready for future investigators using 
the same principles. 
25 
CHAPTER II 
SURVEY OF RELATFD LITERATURE 
1. Teaching by the Use of Principles 
The teaching of science by principle rather than by extraneous 
collections of facts ha~ been generally accepted by educators. The 
Thirty-first Yearbook of the National Society for the Study of Education, 
says that life enrichment, the aim of education, can best be achieved if 
the schools activities are "of the kind from which ideas may be developed 
and if the ideas may in tum be associated into principles and generaliza-
tions that are interwoven into hullan experience. Functional learning is 
conditioned upon attainment of some- such integration.~ 
Hoban says: "Education is not simply the accretion of information. 
It involves the fundamental knolil.edge and the underst.aclia~ of' the basic 
principles of the universe, of which man is a part.~ 
The inductive method-.-Here the learner arrives at a general con-
elusion, e.g. certain laws of physical sciences, by examining a number of' 
individual cases. The weakness in this method is that there is a possibility 
of too general a conclusion, as the enumeration of particulars can never be 
totaled. For example after several enumerations of plants having fiowers 
such as, the cactus has a flower; the buckwheat has a nower; the stringbean 
!/ National Society for the Study of' Education, A Program for Teaching 
Science, Thirty-first Yearbook, 1932, Part I, p. 242, The University of 
Chicago Press, Chicago, Illinois. 
~ Charles F. Hoban, Focus on Learning, American Council on Education~ 
washington D.c., 1942, p. 34. 
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has a flower; we might conclude all plants have a nower. This is too 
general a conclusion as there are active fungi which do not possess 
flowers. Induction is thus essentially imperfect as a mode of reasoning, 
though invaluable as a means of fixing general principles and laws. amid 
the succession of particularities given in experience.!/ 
The deductive methode--The learner reasons r~ a principle to a 
particular. It is in this method that we shall be mainly interested, for 
we are basing our whole experiment on the reasoning powers of the learners 
to go from the principle to a particular inference to the principles in 
their learning process. For example: If a learner understands the 
principle of friction he ean deduce that heat is released and wear between 
the surfaces takes place when one body is rubbed over another• 
A large amount of our teaching attempts to pupils to see the implica-
tion of the laws, principles and rules that they may have learned. As 
contrasted with induction, deduction is a much simpler and shorter process. 
It is an unusual situation when a bit of deductive teaching lasts longer 
than a few minutes. 
Advantages of deductive educative teaching: 
1. Much more simple than the inductive method 
2. Results in very desirable outcomes 
3. Introduces factors of_organization 
4. :U:akes meaningful the principles that have 
been mastered already 
5. Arouses puzzle or questioning instinct, a 
very valuable aid 
}) Ro J. Jle Call-9 Basic Logic.~~ Barnes & Noble Inc., New York, 1947. 
6. Helps pupils io derive their principles from books 
or demonstrative techniques.!( 
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Jones, Y Leonelli,lfKartin h/ and others have emphasized the value 
of teaching science by principle, and have listed hundreds of principles. 
However, there is some disagreement as to what constitutes a principle. 
Hei.nll&nn defines a principle as "a statement of relationship between two 
or more facts.n2/ 
21 Wilbur's definition as stated by Martin is much more precise and 
makes a principle a very specific kind of generalization. His criteria 
state that a principle - - -
" Is stated positively and definitely 
Is true but with rare exceptions within the limitations 
set up by the statement 
Clearly states or implies a dynamic process or interaction 
Is demonstratable experimentally 
Is clearly not a part of a larger principle which can be 
clearly stated 
Is not merely a definition or description 
Has wide application in the natural environment and is 
not ruled out by any of the preceding criteria." 
!/ c. E. Holley, The Teacher's Technique, The Century Company, New York,l924. 
sf Ruth V. Jones, A Stu~~of the Principles of Science Found in Ninth-
grade Textbooks ot Gener Science, Unpublished Master's Thesis, University 
ot Michigan, 1946. 
'JI Renato E. Leonelli, Princi les of Ph sical and Biolo cal Science tor 
Grade Eight, Unpublished Master's Thesis, Boston University, 194 • 
hf w. Edgar Martin, "A Determination ot the Principles ot the Biological 
Sciences ot Importance for General Education", Science Education 
(March, 1945), 29:100-105; (April~ay, 1945), 29:152-163. 
2/ Ailsie JL. Heinmann, 11A Study of General Science Textbooks", General 
Science Quarterly {November, 1928), 13:11. 
§/William Edgar Martin, 11A Chronological Survey of Research Studies on 
Principles as Objectives ot Instructio~ in Science", Science Education 
(Februar,y, 1945), 29:45-52. 
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Robertson's definition of a principle was the result of many weeks 
of consideration by a seminar in science teaching under F. D. Curtis 
at the University of Michigan: Y 
"a. To be a principle a statement must be a comprehensive 
generalization 
b. It must be true without exception within limitations 
specifically stated 
c. It must be a clear statement of a process or an 
interaction 
d. It must be capable of illustration so as to gain 
conviction 
e. It must not be a part of a larger principle 
r. It must not be a definition 
g. It must not deal with a specific substance" 
With this definition, Robertson sought to detdrmine a comprehensive· 
list of principles suitable as goals of instruction for elementar.r schools. 
He evaluated nine separate studies listing principles found in textbooks, 
arranged according to frequency and stress, by a jury of three science 
teachers and several subject matter specialists. A list of the 243 
principles found was sent to fifteen elementary school science teachers and 
from their ratings 113 principles were chosen. These are the principles 
used in the present study. 
Some results.-There is considerable evidence that scientific 
principles can be taught effectiv~y to students at the secondary level. 
Freud and Cheronis readministered a comprehensive test to students or a 
surve,y course in physical science one year after the course had been 
completed. They found that principles and the ability to apply such 
!/ Martin L. Robertson, "Selection of Science Principles Suitable as 
Goals of Instruction in the Element-ary School", Science Education 
{February-April, 1935), 19:1-4, 65-70. 
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principles were retained much better than were unrelated facts.!/ 
Babitz and Keyes paired eight classes- in chemistry in two Cali-
fonda High Schools. Four of the classes, designated as the control 
groups, received standard instruction; the other four designated as the 
experimental groups, had direct and intensive training on the application 
of principles. The tests administered at the end of the experiment re-
quired the solution of problems in chemistry and the identification of 
scientific principles related these two. All the experimental groups 
showed superiority over the control groups in the same schools. The 
differences however were not statistically significant. 3/Kilgore paired 
120 students in high school physics with respeet to their previous ex-
perience in science courses· studies and I.Q. He found at the end of his 
study that students of both high and low ability were significantly better 
in making applications of principles of physics when the instructor placed 
emphasis an such application.lf 
The evidence from these studies seems to indicate that the learning 
of principles of science, and the ability to apply them, may be attainable 
y Henrietta z. Freud, and Cheronis, N. D., "Retention in the Physical 
Science Surv~ Course", Chemical Education Journal (June,l940),18:2SS-293 
y Babitz and Keyes., 11An Experiment in Teaching Pupils to Apply Scientific 
Principles", Science Education (December, 1939), 23:367-370. 
-
l( w. ~. Kilgore, "Identification of Ability of Apply Principles of 
Physics", Teacher's College Contribution to Education, No. S4o, Columbia 
University, New York, 1941, p. 34. 
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objectives of the teaching of science at the secondar,r level provided 
such objectives are emphasized in instruction. 
2. The Lecture-Demonstration Method of Teaching 
A. The Effectiveness of Lecture-Demonstrations 
The areas which will be treated in this section are to define 
and describe the ter.m lecture-demonstration, and then to quote freely the 
written opinions of science educators with regard to the use of dsonstra-
tiona in science teaching, describing the psychological. and logical basis 
for the use of denonstrations in teaching. Then, a review of the research 
in which the lecture-demonstration is compared with other methods of 
science teaching will be presented. 
Before discussing desirable qualities in a demonstration, :U:ackbf, in 
describing and defining a demonstration, says in part: 
"Inherent in the concept of demonstration is the factor of 
movement of a material thing, not a static condition or dis-
play. A dsnonatration is an appeal through the sensea of 
.!!sht and of hearinf, and leas frequently through the 
other aensea. Reauts must follow the purpose: there must 
be conviction, compelling to an inescapable conclusion." 
Regarding lectur.e-demonstrationa, Stuit and Engleharty express their 
definition by stating: 
"The ter.m lecture-demonstration is used to describe a method of 
teaching in which the teacher carries out·a demonstration for 
thl' entire group and lectures in parallel with it. The students 
obeerve the d.monatration and ask any questiona which the,y desire 
about the deaonstration or theory involved." 
'fl Joeeph I. i&OIC, iibesirable Qualitiea in Demonatration Apparatus", 
School Science and Mathematics (January, 1950), 50:21. 
2/ Dewey B. Stuit, and llax D. Englehart, "A Critical Summary of the 
Research on the Lecture-Demonstration Vereua the Individ~a1.Laborator,r 
Method of Teaching High School Chemistry", Science Education (October,l932), 
16:380. 
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Any discussion of the use of the demonstration in science teaching 
should be related to certain principles of learning. Potthofr!/ has ex-
pressed awareness of such a relationship in the following writing: 
"The use of the concrete, particularly where it deals 
with the unfamiliar, can provide an experimental basis 
for learning, whether that learning be remembering facts, 
understanding processes, seeing relationships, or getting 
an idea of how motor skills are executed. Direct ex-
perience, especially if it is with the unfamiliar, may 
motivate the learner, attract his attention, stimulate 
his interest, and arouse his curiosity. Demonstrations 
can be helpful also in facilitating comprehension of the 
abstract, giving reality to the spoken word, and reinforcing 
it by providing impressions through several sense avenues. 
In general, learning may be more meaningful, more accurate, 
more complete, and more permanent if it is based upon 
actual experience with that which is being studied." 
Additional emphasis on the importance of the real or direct ~erience 
in learning has been made by Richardson and Cahoon in Methods and Materials 
for Teaching General and Physical ScienceS~ They stated that: 
"Probably the most usual use of the dEmonst.ration is for 
illustrating and explaining scientific principles and 
their applications. For most students seeing the real 
thing is much more helpful than reading about it or 
looking at a picture of it." 
Whether the demonstration precedes or follows activities such as 
discussion, reading, films, and laboratory work, it may not automat.ic-
ally provide an understanding; but it furnishes a real experience upon 
which the teacher may build, along with other well-chosen procedures 
and activities. 
y Edward F. Potthoff, "The Use of Demonstrations in Science Teaching", 
Science Education {December, 1945), 29:253. 
g! John s. Richardson and G. P. Cahoon, Methods and Materials for 
Teaching General and Physical Science, McGraw Hill Book Company, 
New York, 1951, P• 17. 
Demonstrations can be used for providing pupil experiences in 
thinking. Cahoon'~ views on this topic are, in part, these: 
"The demonstrations, laboratory experiments, directed 
studies, pupil projects, motion pictures, textbook 
statements, and pupil-teacher discussions are teeming with 
possibilities for pupil experience in thinking. It is 
largely a matter of utilizing these appropriately as one 
goes about teaching science facts and principles to pupils. 
Like any other teaching aid or pupil activity, a partic-
ular exercise or experience in thinking may or may not 
be appropriate to use with a particular class at a given 
time. 
A certain demonstration for one class may be given to 
help obtain a particular fact of science, at another 
time as an experience in accurate observation, at another 
to utilize previous knowledge by predicting 'what will 
happen', at another as an application of a recently 
studied principle." 
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However, it must be added here, that "A demonstration performed 
by a teacher who points out what is happening and indicates the conclusion 
which should be drawn or how it illustrates a particular principle may 
furnish little experience in thinking.'~ However, "thinking" comes when 
the principle is applied. 
Before presenting a review of the research in which the lecture-
demonstration is compared with other methods of science teaching, the 
evolution of the popularity of the demonstration method should be mentioned. 
y G. P. Cahoon, "Using-Demonstrations for Providing Pupil Experiences 
in Thinking", Science Education (Oct., 1946), 30:196. 
g/ John s. Richardson and G. P. Cahoon, op. cit., P• 67. 
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Webb1/ states that it developed in this manner~ 
"The growth of the demonstration method as a substitute 
for the individual experiment was accelerated by the de= 
pressiont during which time funds for operating the schools 
were much reduced. It was argued -that if the course in 
science-be given by demonstrations, only one set of apparatus 
need be procured; whereas if it were given by student indi= 
vidual or group experiments a considerable number of duplicate 
sets must be purchased .. " 
Cunningham's summary of "Lecture Demonstrations Versus Individual 
Laboratory Method in Science Teaching"g/ covers a twenty=five year period .. 
The field of research includes eighteen Master's Theses, six Doctorate 
Studies, and other studies.. All of the reports were published in such 
professional periodicals as~ Journal of Educational Psychology2 School 
Science and Mathematics, School Review, Journal of Educational Research6 
and Pennsylvania School Journal.. From the results reported by the ex-
perimenters, Cunningham~states that: 
"Twenty-eight studies gave specific attention to the general 
outcome - immediate recall or imm~ate results. Twenty 
gave results favoring the demonstration method; six favored 
the individual laboratory method; and two said that there 
was no difference ~etween the two method!{. 
Of the twenty-four studies that gave specific attention 
to delayed results, then favored the demonstration method, 
eleven the individual laboratory method, and three re-
ported no difference .. 
The interest stimulated in the pupils by the two methods 
was studies in seven of the enterprises.. The majority 
of the pupils in three ~f the enterprise!! favored the 
y Cha.ries S:-Webb, "The Teaching of Advanced Science Using the Demon-
stration Method", School Science and Mathematics (January,l938) , 38~23. 
y Harry A .. Cunningham, "Lecture Demonstrations Versus Individual Labc.ca-
tory Method in Science Teaching = A Summary", Science Education (March1 1946) 
30:70-82. 
J/ ill.£•:; Po 76 
demonstration method; and in fourLQf the enterprise!! 
favored the individual laboratory method. 
All of the studies - fifteen = that gave attention to 
the time required by each of the two methods reported a 
saving of time under the demonstration method. The time 
saved varied from one-fifth to one-half." 
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Later in the summary, Cunningham tells of the treatment of 
scientific thinking in these studies by these comments~ 
"Seventeen studies gave attention to one or more of the elements 
of scientific thinking but no one undertaking made even a 
slight beginning in the study of this problem in all of its 
many aRpects. The elements of the thinking process that were 
studied in some of the undertakings were as follows~ amount 
retained in thought work; making proper conclusions to an 
experiment; application of principles learned; ability to 
think in ter.ms of science subject; ability to follow the 
steps in scientific procedure; per cent of thought questions 
answered correctly; method of attach on new problems; 
scientific attitude; ability to observe; learning a scientific 
principle; greater carry=aver ability; ability to distinguish 
between fact and superstition; and ability to generalize. 
Of the seventeen studies that gave attention to some phases 
of this big and very important problem, twelve favored the 
demonstration method; four_ the individual laboratory method; 
and one came to the conclusion that the p~il could learn to 
think about equally well by either giietho.2f. 11 
This comprehensive statement is part of the concluding remarks made 
by CunninghaJ/: 
"Our decision, as to what to do in practice, is made easier 
when we realize that all of our laboratory teaching need 
not - should not be done by one method. It is possible that 
we may be ignoring a whole continuous series of possibilities 
between these two extremes. In many cases it may be found 
best to use both methods in teaching a given idea in science." 
The studies presented in the summary of Cunningham were ranked according 
to the criteria presented in an article by Stuit and Englehart2/ 
y'QE. cit., p. 7o 
y Ibid .. , p. 79 
'J/ OE• cit., PP• 380-391. 
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by Keiser61 as to their superior or inferior value. It is well to note 
here that Keiser used only the first six of the seven criteria to determine 
the value of these studies. The seven criteria, as established by Stuit 
and Englehart, are as follows: (1) specification of experimental factors; 
(2) control of pupil factors; (3) control of teacher factors; 
(4) control of general school factors; (5) duration of experiment; 
(6) measurement of achievement; and (7) interpretation of experimental 
date. 
2/ 
For comparative purposes the writer has used the studies of Anibel- , 
Knox'J/, and Wile# in this discussion because each study is partly con-
cerned with the demonstration method versus the laboratory method of teaching 
high school chemistry. The problem of the r~search as stated by each author 
and the significant conclusions, in part, will be related. 
The study of Fred G. Anibel2/, ranked superior, is as follows: 
Problem: To determine scientifically through objective data 
how the results of teaching high-school chemistry by lecture-
demonstration method compared with the individual laboratory 
method. 
!/ Louis B. Keiser, The Present Status of the Lecture=Demonstration Versus 
the Individual Laboratory Method of Teaching Science in the High School, 
Unpublished Master's Thesis, City College of New York, 1933. 
?} Fred G. Anibel, "Comparative Effectiveness of Lecture-Demonstration and 
Individual-Laboratory Method", Journal of Educational Research (May,l926) 1 
13:355-365. 
Jl w. w. Knox, "The Demonstration Method Versus the Laboratory Method of 
Teaching High School Chemistry", School Review (May,l947), 35:376-3S6. 
!J/ William H. Wileyll 11An Experimental Study of Methods in Teaching High 
School Chemistry", Journal of Educational Psychology (April, 191S), 
9:181-198. 
2/ Loco cit. 
Conclusions~ in partg 
1. The immediate retention is as adequate when 
material is presented by the lecture-demonstration method 
as when the class is taught by the regular individual 
laboratory procedure. Indications are that the lecture= 
demonstration procedure would result in better immediate 
retention. 
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2. The delayed retention is so little different that 
one method may be considered as good as the other. There 
was a slight indication that the material was better re-
membered when taught by the individual laboratory procedure. 
3. The brighter students are likely to profit more 
by the lecture-demonstration method than are the others. 
The study by w. W. Kno~~ which was ranked superior~ is 
Problem: To establish the relative value of the demon-
stration and laboratory methods of science instruction. 
Conclusions, in part: 
as follows: 
1. The demonstration method is superior to the 
laboratory method in teaching mentally heterogenous groups 
of pupils for the purpose of immediate retention ~d 
relatively permanent retentiori7 of subject matter in high 
school chemistry. 
2. For the purpose of imparting to a group of pupils 
a sc~entific attitude and training in a method of attack 
on new problems~ the demonstration method is equal, if not 
superior, to the laboratory method of instruction. 
3~ From the standpoint of the coefficients of corre-
lation, it appears that the demonstration method provides 
superior opportunity for adaptation to individual differences 
in mental ability so far as teaching for immediate retention, 
delayed retention~ and method of attack are concerned. 
4. So far as providing knowledge and method of attack 
are concerned~ the laboratory method is slightly superior to 
the demonstration method in the case of the average inferior 
pupil. 
5. For the purpose of providing knowledge for both 
immediate retention and relatively permanent retention~ and 
for the purpose of providing a technique for handling new 
problems~ the demonstration method is much to be preferred 
to the laboratory method in the case of the average superior 
pupil. 
y Loc. cit •. 
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Before stating the problem and significant conclusions of a study 
ranked inferior by Keiser!laccording to the first six of the seven criteria 
developed by Stuit and EnglehartY, it should be recognized that the study 
made by Wile,J/was a pioneer enterprise, being published in 1918. 
Probably it has been ranked as of inferior value because of the following 
factors: no mention is made of any attempt to measure the mental abilities 
of the pupilsy; the tests to measure immediate and delayed retention were 
of doubtful validity; the method of scoring the tests was highly subjective; 
and there was no mention made of statistical treatment of the data found. 
The study made by William H. Wil~ is as follows~ 
Problem: To determine the best of the three methods of 
teaching chemistry, the textbook recitation method, the 
so-called lecture ~emonstratiori7 method, and the labora-
tory method. 
Conclusions, in part: 
1. There is not as great a difference as is ordinarily 
supposed in the value of the three methods, lecture L'femonstrati2i 
textbook, and laboratory, so far as imparting knowledge is con-
cerned. 
2. For immediate learning the textbook method is unquestion-
ably superior. 
3. For permanent learning the laboratory method is perhaps 
slightly superior. 
4. In every respect the lecture Ldemonstratiori7method is 
the least effective in imparting knowledge to high school 
students. 
5. The rate of forgetting is greatest with the text-
book· method and least with the laboratory method. 
Y Loc. cit. 
3( Op• cit., PP• 380-391. 
2/ Loc. cit. 
y Note the date of publication of the first group intelligence tests. 
2/ Loc. cit. 
6. The different methods show decided individual 
differences both for immediate and delayed reproduction. 
7. Probably a combination of the three methods will 
give the best results in teaching high school chemistry. 
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. y Stu~t and Englehart have also made an excellent critical analysis 
of the lecture demonstration versus the individual laboratory method of 
teaching high school chemistry. A summary of their report~ which con-
sisted of the combined conclusions of various investigators~ is as follows: 
Conclusions contending that the laboratory method is superior: 
1. There is a slight indication that material was 
better retained when taught by the individual laboratory 
method - Anibel. 
2. The order of preference of the methods studies 
places the individual laboratory method before the 
demonstration method - Horton. 
3. In every respect the lecture method is least 
effective in imparting lmowledge to high school students -
Wiley. 
4. For per.manent learning the laboratory method is 
perhaps slightly superior - Wile.y. 
5. For providing knowledge and method of attack~ 
the laboratory method is superior for the inferior pupil -
Knox. 
Conclusions claiming that the demonstration method is 
superior: 
1. Bright pupils are more likely to profit by the 
lecture-demonstration method than are the others - Anibel. 
2. Dull pupils profit more from demonstration than 
from individual laboratory work - Carpenter. 
3. The lecture-demonstration takes less time and costs 
less - Anibel. 
4. The teacher (Demonstration) method is best - Nash 
and Phillips. 
5. Lecture-demonstration method gives better control 
over the individual since all are under teacher guidance ~ 
Pugh. 
6. For purpose of providing knowledge for both 
immediate and per.manent retention and for the purpose of 
providing technique or handling new problems~ the demon-
stration method is much to be preferred to the laboratory 
method in case of average superior pupil - Knox. 
1/ Op. cit., PP• 38S:391 
Conclusions contending that the students achieves egually 
well by either methodg 
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1. Immediate retention is about equal in both lecture-
demonstration and individual-laboratory methods - Anibel. 
2. There is not as great a difference as is ordinarily 
supposed in the value of the three methods, lecture, text-
book - and laboratory3 so far as imparting knowledge is 
concerned - Wiley. 
3. The results of this experiment point to the con-
clusion that the majority of students in high-school~ 
laboratory-chemistry classes, taught by the demonstration 
method, succeed as well as when they per.for.m the experi-
ment individually, if success is measured by instruments 
which measure the same abilities as are measured by these 
tests, namely, specific information and ability to think 
in ter.ms of chemistry - Carpenter. 
General conclusions based on evaluation of the reported 
research: 
After considering the above conclusions the writers 
have arrived at a few ideas which seem justifiable in the 
light of the evidence given by this study. 
1. No method can be considered to be the best in 
every case. The objectives of chemistry teaching, the 
preference of the teacher, the nature of the pupil, and 
the facilities of the schools will largely determine which 
method should be used. 
2. In small schools where money and space are not 
plentiful the lecture-demonstration method seems to be 
most practicable. 
3. The written test cannot be used to teat all the 
outcomes of a course in high school chemistry. Some sort 
or manipulative tests seem necessary to test the laboratory 
skills. 
4. The problem of the relative merits of the lecture-
demonstration and individual-laboratory methods still seems 
unsolves and as complex as ever. More careful experimenta-
tion, involving careful control of non-experimental factors 
and reliable testing, is needed in order to justify any 
definite and final conclusions. When experimentation has 
shown the relative superiorities of the methods in terms 
of outcomes, the methods should be evaluated in terms or 
the values attached to these outcomes. 
Evidence of the evolution of teaching methods particularly by the 
visual method is apparent in the next study to be considered, that of 
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The visual method has been long recognized by leading educators 
as one of the most valuable ways of training pupils in all stages of 
learning. It is difficult, as a result, to find a school that does not, 
in one way or another, make use of visual aids in teaching. The alert 
teacher and administrator are constantly seeking suggestions and illustrations 
by means of which the vague conceptions of the pupils may be made into real 
facts and parts of their experiEI'lce. .Any method will not be overlooked 
if it can provide both clarity and simplicity combined.~ 
In the study done by Smithl/the problem involved was: 
1. What is the relative effectiveness in ninth grade 
general sciEI'lce classes of experimental demon~trations 
performed by the teacher and equivalent demonstrations 
presEI'lted through the medium of ~ucational sound motion 
pictures. 
2. The deter.mination of the relative effectiveness of 
these two instructional techniques with pupils of 
different levels of intelligence. 
In the plan of study three methods of presentation were used: 
(1) teacher demonstration, (2) use of films, and (3) a combination of 
teacher demonstrations and the use of films. The conclusions made, as a 
result of this study, were as follows: 
1. Educational sound motion pictures and teacher demon-
stration are of equal merit as instructive devices in 
ninth grade general science when they include essentially 
the same materials in so far as merit can be detennined 
!/ Herbert A. Smith, "A Determination of the Relative Effectiveness of Sound 
Motion Pictures and Equivalent Teacher Demonstration in Ninth Grade General 
Science", Science Education (April, 1949), 33:214-221. 
g( Paul Arthur, Lecture Demonstrations in General Chemistty McGraw Hill 
Book Company, New York, 1939,, PP• 2-4. 
l/ Op. cit., pp. 214-215. 
by the techniques employed in this investigation. The 
use of either method singly is as effective as the combina-
tion of the two. 
2. There is a tendency for increas~d intelligence as 
expressed in terms of an intelligence quotient to be 
accompanied by increased learning where l~rning is 
represented by the gain of final over initial test scores 
on the objective tests used in this investigation. The 
degree of relationship is independent of the method of 
instruction utilized indicating the same relative value 
for sound motion pictures and teacher demonstrations 
portraying essentially identical materials regardless 
of the level of intelligence of the students. 
Certain similarities exist between the problem of this science seminar 
and. the problem investigated in the study by Croxton.Y His problem was 
stated thusly: 
"Is the failure of children to generalize due primarily 
to lack of power or tendency, or is it simply due to want 
of sufficient experienceo ••• " 
In this study most of the experiments tested the pupils' ability to 
formulate and apply a principle after eight minutes exposure to the 
essential experimental basis in the for.m of a demonstration or directed 
play. The tentative conclusions made by Croxtong/are as follows: 
1. The data indicates that many children in the higher 
primary, the intermediate, and the junior-high school 
grades are capable of generalizing. 
2. While the experiments do not prove that most pupils 
in the kindergarten and lower primary grades could not 
generalize if a more adequate experience basis was pro-
vided, the data together with the evident obsession mani-
fested by these children for obtaining emotional satis-
y w. C. Croxton, "Pupils' Ability to Generalize", School Science 
and Mathematics (June, 1936), 36:627-634. 
y ~., p .. 634 
In summary, therefore, of the research and studies compiled by 
investigators on the value and the effectiveness of the lecture-demon-
stration, as compared to other methods of science teaching such as the 
individual laboratory method, the textbook method, and sound motion 
pictures, it can be concluded that the lecture-demonstration method of 
science teaching is equal to, if not better than, any other method of 
teaching. It incorporates direct experience of the pupil, pupil ex-
perience in thinking, utilization of the senses, understanding processes, 
application of scientific principles, and ability of the pupil to general-
ize. Through the use of the lecture-demonstration most, if not all, of 
these above qualities are satisfied. Again, the writer would like to 
cite the fact that the lecture-demonstration method is egual to, if not 
better than, anr other method of teaching science. 
2. Criteria for a Good Demonstration 
Statement of the Problem.-There are two problems involved in developing a 
list of criteria for a good demonstration: {1) to define clearly the 
word "demonstration" as it is to be used in this experiment; {2) to evolve, 
through reference to the literature,the criteria. 
Need for research.--since the demonstration is the instructional 
procedure selected for use in the experiment, it is necessary to clarify 
the meaning of the demonstration method. 
Noll!/ has pointed out the fact that investigators seldom define 
teaching methods carefully and minutely enougho Various writers have 
recognized the need in research for accurate definition of terms. Like 
Noll, Riedel3/has made a plea for clear definition of teaching methods 
and experimental procedures. Mac~ has stated that there are as many 
definitions of "denonstration" as there are authors treating the subject. 
Preston~ also realized this and called for clarification and unification 
of terminology. 
Most of the literature on the demonstration method fails to recognize 
the difference between the lecture-demonstration, the class experiment, 
and the illustrated lecture. Preston2/ attributes much of the success of 
lecture-demonstrations to their actually being class experiments. 
Definition of demonstration~--The demonstration is in this experiment 
actually a lecture-demonstration. Reference to the literature will help 
to clarify the meaning. First, the "demonstration" is defined by the 
!/ Victor H. Noll, The Teaching of Science in Elementarv and Secondary 
Schools, Longrams, Green and Co., London and Toronto, 1939, p. 63. 
y F. A. Riedel, "What, If Anything, Has Been Proved as to the Relative 
Effectiveness of the Demonstration and Laboratory Methods in Science?" 
School Science and Mathematics (May, 1927), 27:513. 
lf Joseph A. Mack, "Desirable Qualities in Demonstration Apparatus", 
School Science and Mathematics (Jan., 1950), 50:21. 
~ Carleton E. Preston, "Is the Debate in Conunon Tenns?" Science 
Education (February, 1935), 19:14-16. 
2/ Loc. cit. 
44 
Dictionary of Education!/ as follows: 
"(1) The Method or process of presenting or establishing 
facts; (2) the procedure of doing something in the 
presence of others either for means of showing them how to 
do it themselves or in order to teach a principle." 
The same sourc~ defines the lecture-demonstration thus: 
"An instruc'l!ional procedure in which the verbal message is 
accompanied by use of apparatus to illustrate principles, 
determine or verify facts, clarify different parts, or 
test for comprehension of material under discussion .. " 
Prestonl/ further clarifies the concept of the lecture-demonstration as 
distinct from the class experiment: 
"In true lecture-demonstration the teacher shows every-
thing, explaining or interpreting each point as he, or 
some pupil, perfonns the work.. In true class experiment-
ation the teacher endeavors, by well-directed questions, 
to get the members of the class to observe or come to 
conclusions themselves as to the proper interpretation, 
and perhaps to plan further steps or procedures. Thus, 
in the lecture-demonstration the flow of information and 
explanation is from teacher to pupils; in the class ex-
periment it is exactly the opposite." 
. ¥ Elsewhere, in def1ning lecture-demonstration, Preston makes the point 
that 11no questions interrupt the speaker and he asks his audience none, 
other than for rhetorical effect." 
Preston, however, does not distinguish the lecture-demonstration from 
.!, · Carter V. Good (Editor), Phi Delta Kappa, Dictionary of Education, 
McGraw-Hill Book Company, Inc., New York, 1945, p. 124 
lf Carleton E. Preston, The Higp School Science Teacher and His Work, 
McGraw-Hill Book Company, Inc., New York and London, 1936,pp .. l92-l93o 
W Carleton Eo Preston, "Is the Debate in Common Terms?" Science Education 
"(February, 1935), 19:14-16. 
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the illustrated lecture as does the Encyclopedia of Modern Education:!/ 
"The lecture-demonstration differs from the illustrated 
lecture in that the latter focuses attention on the screen 
and shows the relationships by means of pictures, slides, 
moving pictures or specimens while the lecture-demonstra-
tion focuses attention on the lecturer who shows the re-
lationships through the use of manipulation of physical 
material, machines or appliances.'~ 
The meaning of "demonstration" is further expanded by the following 
observation made by Mack:Y "Inherent in the concept of demonstration is 
the factor of movement of material things, not a static condition or dis-
play." This so-called dynamic quality of the demonstration leads 
Mac.)/ to exclude from the demonstration procedure certain standard 
teaching materials: 
"objects, unless they can be operated ••• so also, speci-
mens, samples and parts ••• Likewise models, as such, are 
barred unless they are working models; so also, miniatures 
and enlargements." 
Although micro-projection techniques are gaining increasing favor in 
demonstration work,~ it would seem that this method should also be ex-
eluded on the same basis as the other Visual aids. 
Further, Mac.;! states that the demonstration is "an appeal through 
the senses of sight and hearing and less frequently through the other 
Y Harry N. Ri vlin, Encyclopedia of Modem Education, The Philosophical 
Library of New York City, New York, 1943, p. 452 
3/ Op. cit., P• 21. 
2/ Loc. Cit. 
!JI Mary A. Ott, "Microtechnique for P:Ojection Demonstratio~ in General 
Science", School Science and Mathemat~cs (January, 1946), 46~68-73. 
2/ Op. cit., P• 21 
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senses". He would, therefore, exclude from demonstration work materials 
that appeal to only one sense; such as, transparencies, pictures, charts, 
recordings and radio reproductions. 
Thus certain characteristics of the d8Ilonstration have been determined 
by definition. These are: 
1. The demonstration is an instructional procedure. 
2. It is frequently used to teach principles. 
3. It differs from the class experiment. 
4. It differs from the illustra~ed lecture. 
5. Movement and action are essential. 
6. It is an appeal through two senses: sight and hearing. 
The necessar,y implications of each of these statements have already been 
suggested. 
Review of the literature.--A review of the literature was made in 
order to discover those basic principles which might be used as a guide 
in doing demonstrations. 
First, a search was made to locate any previous studies that 
paralleled this investigatien. The Bibliographic Index provided the 
necessary references. It was found that many investigators had subject-
ively listed criteria in one form or another. However, only one study, 
documented with references, proved similar to this one. Mac~covered 
many of the same sources in developing his checklist for evaluating desirable 
qualities of demonstration apparatus. He lists as "factors" those conditions 
!/ Op. Cit., PP• 19-3l. 
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inherent in the physical surroundings and in good techniques and as 
"qualities" those conditions inherent in the apparatus. Much of his re-
search had to be duplicated in this review, but for a different purpose 
which called for more complete and descriptive statements. 
A working bibliography was developed consisting of five types of 
sources: (1) professional journals and science publications, 
(2) methodology textbooks, (3) teaching science textbooks, (4) audio-
visual texts and (5) books on experiments. The following reference 
sources were consulted: Bibliographic Index, Encyclopedia of Educational 
Research, Bibliographies and Summaries in Education, Reader's Guide, 
International Index, Ulvich's Periodical Directorz, Vertical File Service, 
and the Education Index. 
There was great variety in the nature of the material covered which in-
cluded such items as: 
1. Steps to follow 
2. Desirable qualities 
3. Desirable characteristics 
4. Points to keep in mind 
5. Rules for demonstrating 
6. Suggestions for ma.ld.ng demonstrations effective 
7. Criteria 
8. General discussions of the demonstration method Works included 
in this study fall into four categories: (1) Those which deal with the 
demonstration in a general sense; (2) those from the field of biology 
(3) those tram the field of physics (4) those from the field of chemistr,y. 
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Several of the authors in the first category, the "general", emphasize 
only one or a few aspects of the use of demonstrations. In discussing the 
presentation of example danonstrations, Cahoon!/ indicates certain steps 
taken to insure effectiveness of the demonstration and emphasizes only 
visibility and size of apparatus. Colviny offers three cautions to be 
observed in class demonstrations. HoffJ/ emphasizes only visibility and 
planning. Pinkus!/ suggests the need for apparatus especially designed 
for demonstration purposes and stresses the factor of visibility. 
A few in this aeme group attempt more detailed coverage. Potthofrf/ 
for example, offers several suggestions for performing demonstrations 
effectively and contributes many excellent ideas. In discussing the art 
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of lecture table demonstration, Daviso~ mentions several rules to follow 
in demonstrating. Rakestraw1/ touches on six different aspects of the 
!/ G.P.Cahoon, "Using Demonstrations for Providing Pupil Experiences in 
Thinking", Science Eduo.ation (October, 1946), 30:196-201. 
y Stephen Sheldon Colvin, An Introduction to High School Teaching, The 
Macmillan Company, New York, l924, Ch. 12. 
lf Arthur G. Hoff, Secondary School Science Teaching, The Blakiston Company, 
Philadelphia and Toronto, 1947, PP• 188-189. 
~ L. F. Pinkus, "Some Suggestions in Demonstrations", Science 
\October 20, 1933), 78:364. 
2/ Edward F. Potthoff, "The Use of Demonstrations in Science Teaching", 
Science Education (December, 1945), 29:253-255. 
&J H. F. Davison, "The Art of Lecture Table Demonstration", Journal. of 
Chemical Education (June, 1927), 2:443-7. 
1./ Norris w. Rakestraw, "The Function and Limitations of Lecture 
Demonstration", Journal of Chemical Education (November,l929), 
6:1882-1886. 
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good demonstration in his extensive discussion of lecture-demonstration 
Still others in the "general" group have systematically attempted 
to list criteria in some form. Billinge;/lists five require-
ments for a successful demonstration. Dal;/ offers fourteen suggestions 
for improving demonstrations and eleven questions for evaluating them. 
Under "demonstration techniques", Haa;/ lists ten steps to be completed 
before conducting the experiment and five suggestions for conducting it. 
Heiss~ elaborates on seven excellent rules for demonstrating. Holle,y2/ 
lists seven things a teacher can do to insure successful demonstrations. 
Jl.acJ/ developed a lengthy checklist of desirable qualities in demonstra-
tion apparatus. In a group thesis edited by JbJ.rJ, five criteria for 
a demonstration were listed which h~ been developed in a seminar 
y R. D. Billinger, "Lecture Demonstration Experiments", Journal of 
Chemical Education {August, 1937), 14:375-7. 
y Edgar Dale, Audio-Visual Methods of Teaching, The Dryden Press, 
New York, 1946,-p. 125.130. 
lf K. B. Haas, "The Demonstration and Field Trip as Training Techniques", 
Business Education World (Februar.r, 1951), 31:291-293. . 
~ Elwood D. Heiss, Charles w. Hoffman, and Ellsworth S. Obourn, Modern 
Methods and Materials for Teaching Science, The Macmillan Company, New 
York, 1950, PP• 171-2. 
2/ Charles Elmer Holley, High School Teachers Methods, The Garrard 
Press, Champaign, Illinois, 1937, p. 229. 
£/ OP• cit., P• 27-29. 
1f Chalmers Jlurray (Editor), New and Improved Demonstrations, Each 
Illustrating a Single Science Principle) Unpublished Master's Thesis, 
Boston University, 1950. 
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discussion .. Richardson and Cahoon!/ list five criteria for a good demon-
stration.. SelbergS{ lists sixteen common errors in demonstration tech-
niques (actually class experiment techniques) and offers an excellent 
plan to follow in doing classroom demonstrations. In the second category~ 
the works from the field of biology J only one study was found. Gramet.2/ 
lists eight characteristics or the good demonstration. 
In the third category, works from the field of physics, the same 
breakdown can be made as for the first category. Among the few who 
emphasize only one aspect, Coyle~ stresses the value and importance of 
vertical mounting of apparatus on special boards. Also, Sutton.2/ stresses 
the need for simplicity and originality. Among his suggestions for im-
proving physics teaching, Weave~ stresses visibility and size of 
apparatus. 
Y John s. Richardson and G.P. Cahoon, Methods and Jla.terials for Teaching 
General and Physical Science, McGraw-Hill Book Company, Inc., New York, 
Toronto and London, 1951 .. 
y Edith ll. Selbert, "A Plan for Developing Better Techniques in Giving 
Science Demonstrations, Science Education (October, 1932), 16:417~420 .. 
J~ Charles A .. Gramet, "Demonstration Lessons in Biology", Science Education 
TFebruar,y, 1934), 18:33=36 .. 
!/ J. P. Coyle, E .. C .. Hansen, and R. B .. Coe, WDemonstrations Jla.de More 
Visible", Chicago Schools Journal (November, 1941), 23:64-8. 
2/ Richard ll .. Sutton, "The Importance of Scientific Instruments and Apparatus 
to the Teachers of Physics", Review of Scientific Instruments (December, 1941) 
12~573-582. 
2/ Elbert C. Weaver, "Teaching Physics Effectively", School Science and 
){athematics (May 1944) 1 44-402. 
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y 
Hitchcock emphasizes action as the essential quality of good 
demonstrations and includes, as he elaborates this theme, many other 
criteria. 
DufrY is the only one in the field of physics to make a 8:\Tstematic 
listing. He enumerates nine desirable qualities in demonstration experi-
menta. The fourth and final category, the works from the field of chem-
istry, may be similarly analyzed. Arthu)" presented a lengthy dis-
cussion on visibility including many excellent suggestions. Reed~ dis-
cusses in some detail four aspects of good demonst-rations and techniques. 
Wiles2/ also deals only with a few aspects ~f successful demonstrations. 
Dunba~ lists eleven desirable characteristics in demonstrations. 
His list is based on Duff's and includes specific examples in chemistry, 
Fran.;! provides twelve suggestions regarding use of class demonstrations 
!/ Richard c. Hitchcock, "I Like Action in Physics Demonstrations", School 
Science and Mathematics (D-ecember, 1941), 41:832-839. 
y A. w. Duff, "Desirable Qualities in Demonstration Experiments", School 
Science and Mathematics {November, 1928), 28:857. 
'J/ Paul Arthur, Lecture Demonstrations in General Chemistrz, Mc-Graw-Hill 
Book Company, Inc., New York and London, 1939, Ch. 1. · 
!JI Bufus D. Reed, "High School Chemistry Demonstrations" Journal of 
Chemical Education {November, 1929), 16:1905-9. 
2/ L. A. Wiles, "The Value of Lecture Table Demonstrations in the Teaching 
of Chemistry", Journal of Chemical Education {September, 1928), 5:1109-1111. 
-· gj Bal.ph E. Dunbar, •some Desirable Characteristics in Chemistry Demonstra-
tion Experiments", School Science and Mathematics (January, 1950) 9 50:19-31. 
1J J. 0. Frank, The Teaching of Hi~ School Chemistr;y, J. 0 .. Frank and 
Sons, Oshkosh, Wisconsin, 1932, P• 8-9. 
aos~o~ UnJ\eriJ~Y 
io~eol ot ~a~~~~lor 
_ Librtir-Y 
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which he believes to be justified by the experience of a number of 
teachers. Goul~ enumerates on eight to consider in planning and perform-
ing demonstrations. Van Horn~ offers five suggestions for the preparation 
of apparatus and materials and four rules to follow in conducting denonstra-
tions. 
Use of Criteria.-- The seminar in 1951 after careful consideration of 
criteria of a good demonstration in this field and condensation and tele-
scoping of this material produced the criteria listed below. This group 
feels it is of no additional value in going on any further with this 
probl~. It is an assumption these are good criteria. 
Selected criteria.-- The criteria for a good demonstration as used in 
this experiment are as follows: 
CRITERIA FOR A GOOD DEiroNSTRATION 
I. THE DEKONSTRATION SHOUlD n..tUSTRATE A BASIC PRlNCIPLE. 
II. THE DEILONSTRATION SHOOLD ILIDSTRATE £!! PRINCIPLE ONLY. 
III. THE ACTION OF THE DmlONSTRATION SHOULD BE CLEARLY VISIBLE 
AND A.UDmLE TO ALL. 
A. Remove all the audio-visual distractors. 
B. Make sure the lighting facilities are adequate. 
Spotlight or otherwise sufficiently illuminate 
the thing being demonstrated. 
y Arthur B. Gould, "Demonstration Experiments and Their Place in the 
Teaching of Chemistry", Journal of Chemical Education (February,l931), 
8:297-302. 
3/ Donald Van Horne, "The Lecture Demonstration Method in High School 
Chemistry", Journal of Chemical Education (January, 1930), 7:109-116. 
C. Adjust window shades so that students can see 
from all parts of the room. 
D. If necessary, rearrange the seating so that 
everyone has an unobstructed view. 
E. Be sure that those with poor hearing and vision 
are seated appropriately. 
F. Have the demonstration table arranged so that 
all pupils can see the demonstration. 
1) Vertical mounting of apparatus is es-
pecially effective. 
2) Place the apparatus well forward on the 
desk, facing out toward the pupils. 
3) Place demonstration table in best posi-
tion for all to see from all angles. 
G. Wherever possible, make use of color contrast to 
make the apparatus or materials stand out. 
IV • THE APPARATUS SHOULD BE ON A LARGE SCALE. 
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A. The apparatus must be clearly visible from the furthest 
corner of the room.. 
B. Where a thermom.eter (or other meter) is essential 
to the demonstration, use a mock-up or working 
model to help the class visualize this part of 
the procedure. 
C. Large signs and diagrams may be used to supplement 
the spoken word. 
1) They must be previously prepared. 
2) They must be clearly visible to all • 
.3) Green print on yellow is preferable to 
black on white. 
V. THE DEMONSTRATION SHOULD WORK: rr SHOUlD BE AS INFALLIBLE AS 
POSSIBLE. 
A. Apparatus should be in sound working condition. 
* B. Apparatus should be as simple as possible. 
1) Simplicity of operation. 
2) As few parts as possible • 
.3) Avoid crowding, overlapping and masking of 
the parts. 
* c. The demonstration should be rehearsed in advance. 
D. The demonstration should be well-planl).ed and prepared. 
1) Set up apparatus and have all materials-
carefully arranged on the demonstration 
table before the class meets. 
2) All the necessary measuring and weighing 
should be done before class • 
.3) Scales and graduates should be placed 
away from the demonstration table when 
no longer in use. 
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VI. THE DEMONSTRATION SHOULD BE SIMPLE AND THE SPEED OF ACTION SUITABLE. 
A. Use simple setups and place the equipment ~ 
*-These might well be separate criteria. 
order on the table so that the action can proceed 
logically. 
B. Talk While you work. Be sure to: 
~) Emphasize the main points; do not digress. 
2) Keep ~rizing as you go along. 
3) See to it that the demonstration moves on 
quickly to a conclusion; do not hurry or drag. 
C. Use a simple vocabulary. 
VII. THE DE1LONSTRATIOO SHOULD BE DYNAKIC. 
A. By definition, movement and action are essential 
to the demonstration. 
B. Positive effects of motion are more impressive than 
null effects of static display. 
VIII. A SLIGHT DRAMATIC ELEMENT IS ~DD!S USEFUL• 
IX. AN ET.EMENT OF THE UNEXPECTED IS SOMET:o.m3 EFFECTIVE. 
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X. THE APPARATUS SHOULD BE OF EASILY AVAILABLE AND INEXPENSIVE 
MATERIAL. -
XI. THE APPARATUS USED IN THE GIVEN DEMONSTRATION SHOULD BE 
STORED AWAY INTACT UNTIL IT IS TO BE Usm AGAIN. 
The frequency with Which the abov~entioned criteria were mentioned 
by the sources consulted is indicated by the chart below. The count was 
made merely for general interest. It has, however, certain obvious values. 
The frequency of mention of the various criteria provides means of es-
tablishing their validity. The table shows the relative importance of the 
criteria as recognized by these authorities. 
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3. The Test Technique 
A. Structure of the Test 
Multiple choice items.==The test is composed of approximately 
thirty multiple choice items. Each item is in the fonn of an incomplete 
sentence, or a question, referred to as the stem, accompanied by three or 
more possible responses. Of the possible responses presented to the ex-
aminee, one is the ~ response. The examinee is also presented an 
answer sheet upon which he ~becks in the parenthesis the response he has 
selected. The construction of the response items, in accordance with 
suggestions made by fltJs)/, has been grammatically consistent, approxi-
mately of equal length, and plausible, in so far as possible. The writer 
has endeavored to make the type of responses for each item homogeneous 
in nature, in order to detect higher levels of understanding and dis-
crimination. 
This "best-answer" variety of the multiple choice test means simply 
that one response best refers to the stem of the item. Each item pro-
vides "a response that competent critics can agree upon as best.~ 
The competent critics in this specific situation compose a group of 
in-service science teachers. The writer has taken great care to "make 
all distractors plausible and attractive to examinees who lack the 
i/ c. c. Ross, Measurement in Todayes Schools, Prentice-Hall Inc., 
Jew York, 1947, p. 150 
y R. L. Ebel and E. F. Lindquist (Editor), Educational MeasUrement 1 
George Banta Publishing Co., Menasha, Wisconsin, 1951, p. 232 
information or ability tested by the item",.!/ and 
cal distractors 11 • Y In reference to the multiple 
J! Odell states that 11they may be used to test not 
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"avoid highly techni-
choice type test, 
only knowledge of facts 
and amount of acquired information~ but also knowledge of cause and 
effect relationships» ability to make comparisons9 to evaluate, to apply, 
to illustrate9 to define~ and so fortho They are easier to prepare, and 
also to score9 than some of the other types." He further add~ "almost 
all kinds of multiple answer tests can be constructed so that they possess 
practically perfect objectivity." The scorer is not faced with the prob-
lem of partial credit on this type of an examination. Either the response 
that is checked upon the paper is correct, or it is not correct, with no 
qualifications. 
Levels of difficultyo=The writer is making an attempt to determine 
to what probable extent application and recognition, as well as under-
standing of a scientific principle have been gained through the demon-
stration activity. For this reason, it is necessary for the examiner to 
approximate the difficulty range of the test items which he has prepared. 
It is well recognized that there are various levels of leaming • .2/ In order 
1/ Op. cit~~ Po 234 
y lli2· » p. 235 
!/ Op. cit. 9 p. 282 
2/ Wo A. Bro'Wilell and U. M. Sims» The Measurement of Understanding, 
Forty=fif'th Yearbook9 National Society for the Study of Education, 1946, 
University of Chicago Press» Chicago 9 Illinois9 pp.27=43. 
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to measure these levels of learning» a testing device of various levels 
of difficulty must be constructed. The actual judgment of item difficulty 
must be left up to the subjective judgment of the test constructor. '~e 
use of subjective judgment in estimating item difficulty at the stage 
of item construction is to be encouraged. Such judgmental' when based on 
all available experience.ll are distinctly helpful in leading to the con~ 
struction of items of the desired difficulty.~ The constructor has 
ample opportunity to construct the items of various degrees of difficulty 
by using more remote subject matter applications» or by including un~ 
usually good distractors in the test items. Odell3/states thatll in 
reference to good distractors» "their selection ~stractorif will depend 
to some extent upon how difficult it is desired to make the test. In~ 
correct answers should» however» never be obviously incorrect to a pupil 
who knows little or nothing of the matter dealt with •••• " 
The various levels of learning m~ be broken down to three broad 
categories. The first level of learning may be labelled.ll or described 
as mere factual retention. The second level employs enough understanding 
of the factual retention so that the learner can recognize and apply» in 
simple situations .ll the principles or concepts 'Which he has retained. 
The third level of learning is reached wh& the learner can recognize 
and apply the understanding of the factual material to more complex, 
unfamiliar» and difficult situations. The test has been constructed with 
these three levels of learning in mind. The first third of the test is 
concerned with items of the first level of learning.ll and so on. Thus, 
y K. w. Vaughn and E. F. Lindquist (Editor)» Educational Jleasurement, 
George Banta Publishing Co.~ Menasha» Wisconsin~ 1951» p. 174 
3/ ~·» P• 286 
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the test can be said to measure three level~ of learning9 all concerned 
with the same demonstrations and the same scientific principle. This 
method of testing tells the examiner to approximately What extent the 
pupil can recalls understands or apply the principle. 
Vocabula:ryo=It is only logical for one to assume that the vocabu= 
lary used throughout the experiment must be consistent 9 or at least on 
the same levelo Vocabulary comprising the test must 9 or necessity9 be 
equivalent to that used during the demonstrati9n. Inconsistent vocabu= 
lary is one of the,factors which could unfavorably affect the reliability 
of the testing program. If the vocabulary within the testing device is in= 
consistent with that of the oral demonstrations one can expect a low re-
liability of the whole testing procedure. Reliability9 itself9 is the 
consistency with which a test measures ~what it measures"• 
The vocabulary of the testing device has been amended by the critic= 
jury to establish consistency of vocabulary throughout the experiment and 
vocabulary comprehension at the grade level at which the test is used. 
The test t:eyout.~1¥After a set of test items has been writtens 
criticized by subject matter exp~ts9 and revised on the basis of their 
criticisms 9 it must Olrdinarily be tried out experimentally on a sample of 
examinees •. J/ Prior to any experlmenta.tion9 the te~t was subjected to a 
tryout on at least one hundred pupils of equivalent age and grade level» 
but are not included in the experiment., This independent tryout tended 
to expose any unusually poor item.s 9 or poor distractors among the possible 
responses. Such items could be dropped completely from the test 9 or 
y H. So Conrad and Eo F o Undquiat (Editor) 9 Educational Measurement~ 
George Banta Publishing Coos Menasha9 Wisconsin9 19519 p. 250 -
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eliminated in the final tabulation of the total results. 
As was stated previously~ the total number of items in the test 
approximates thirty~ but some may be dropped due to the discretions of 
the critic-jury~ or as a result of the test tryout. 
The test period.=-The length of the testing period for both the 
pre-test and the post=test has been indefinite9 in so far as no specific 
time limit has been set for either of the tests. The test period may 
continue on until every pupil has completed the test~ in so far as 
possible. Each pupil is allotted sufficient time to at least read all of 
the items presented him. A. multiple choice test of thirty items can be 
approximated as requiring about ten minutes to be read through completely. 
,()dell.!/ has recommended that "on the average elementary-school pupils 
be expected to respond to three or four such exercises Lmllltiple choice 
itemsJ per minute." 
By allotting sufficient time for all examinees to attempt all the 
items~ the influential factor of time itself is eliminated. As stated 
by Lindquist,&! "The most conunon way of reducing or eliminating the in-
fluence of time on tests is to set the time limits so liberally that all, 
or nearly all, pupils are able to consider or attempt all the items in 
the test." Pupils are told to complete all items~ and are watched to 
see that they keep at this task until finished. 
y c. w. Odell, Traditional Examinations and New-Type Tests~ The Century 
Co.~ New York and London9 192S~ Po 2S5. 
y A. E. Traxler and E. F. Lindquist (Editor) ~ Educational Measurement, 
George Banta Publishing Co. :J llenasha 2 Wisconsin~ l95l9 p. 340. 
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B. Aims and Use of the Test 
Employing statistics.--The test is an instrument devised to obtain 
statistics for measuring growth of learning, due to a specific educational 
experience, namely a scientific demonstration. Every effort has been 
made in the construction of the test to measure as precisely as possible, 
the "meaningful learning" that has been grasped by each pupil subjected 
to the demonstration and the test-retest procedure. The only descrip-
tions of the learning and understanding that have taken place are the 
statistics which can be applied to the results of the tests taken by the 
examinees. In accordance with Guilford,!/ it appears obvious that 
"statistics enable us to summarize our results in meaningful and convenient 
fonn". The summaries of the test results will enable educators in the 
field of science education to make general conclusions and predictions 
concerning the presentation of the particular scientific principle that 
has been demonstrated. Experimental and statistical methods cannot be 
divorced from each other, in so far as, "The experiment directs our 
observations and yields data. By means of statistical methods, we can 
summarize those data, interpret them, and determine their reliability.~ 
In this respect, Brownelll/ has stated that "Altogether too commonly 
understandings are disregarded in evaluation (and in teaching) in favor 
of outcomes which are more easily measured (and achieved).~ 
1/ J. P. Guilford, Fundamental Statistics in Psychology and Education 9 
McGraw-Hill Book Co., New York and London, 1942, p. 3. · 
?} J. P. Guilford, Op. cit., Po 156. 
'JI W. A. Brownell, The Measurement of Unde:rstandin~, Forty-fifth Yearbook, 
National Society for the Study of Education, 1946, University of Chicago 
Press, Chicago, Illinois, P• 2. 
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Test-retest method.--It the educator is to measure growth, or 
learning, due to some specific learning activity, he cannot overemphasize 
the "importance of knowing initial status with respect to understanding."!/ 
The writer is convinced that the only reliable method of measuring the 
amount of learning, due to some specific activity, is by means of the 
test-retest method. That is, by administering identical tests prior to, 
and after the learning situation. It is conceded that "not all the gain 
found can be correctly attributed solely to the remedial program L£he 
demonstration peri~. Some of it is doubtless due to the practice effect 
or to familiarity with the test itself, part of it to teaching received 
outside of school, and part of it to natural growth."s/ For purposes of 
predicting this "probable gain", the writer has made use of a control 
group in the experiment. 
What the test endeavors to deter.mine.--Any increase in scores of 
the control group on the post-test (the same test that has been given 
the second time) may be labelled as the probable gain that can be 
attributed to familiarity, or external factors concerning the test. The 
writer has sought to determine the significant increase of the scores on 
the post-test of the experimental group, and compare this increase with 
any possible increase made by the control group on the post-test. B.r 
knowing approximately what percentage gain on the test scores may be 
attributed to "chance", as determined by the control group, the writer is 
able to conclude in this instance, that any significantly larger gain in 
y H. R. Douglass and H. F. Spitzer, Forty-fifth Yearbook, Op.cit.,p.24. 
~ C. C. Ross, Op• cit., P• 206. 
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the scores of the experiment group has been due to learning gained during 
the demonstration process. 
Assuming that the constructed test is both reliable and valid, 
statistics applied to the results emanating from the test will yield 
invaluable data in predicting at what grade, or grades this specific 
scientific principle can be presented with predictively good results. 
Statistical interpretations of the test results are the means to these 
predictions. This is stated in essence by Guilfo~ who states that 
"statistical reasoning is basic to all predictions". 
c. Characteristics of the Test 
Reliability of the test.--The reliability, being the precision and 
consistency with which the test measures "what it measures", is a most 
important characteristic of the test. In this specific testing situation, 
the scores on the pre-tests and post-tests given to the experimental group 
cannot be correlated for purposes of detennining reliability since the 
material being tested has been presented to the examinees in the period 
intervening the two tests. 
All external factors concerning the test have been kept as consistent 
as possible. The element of time does not detract from the reliability, 
because provisions have been made for each pupil to at least consider all 
y .Ibid.., P• 176 
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the test items. The influential time factor ha-s been kept at a minimum. 
Lindquist!/ concurs in stating that "The procedures ffiestinil become 
entirely unsatisfactory particularly in any test in which speed is a sig-
nificant element in the score". 
The sampling of the material has been adequate, since all the test 
items have been constructed on the basis of a single scientific demonstra-
tion. A teat of high reliability is further assured in the length of the 
test. It is generally conceived that the longer the test, the higher the 
reliability. The test in consideration contains approximately thirty 
items, measuring the understanding derived from a single scientific 
principle. 
Validity.-Val.idation of the test items has been by jury, as mentioned 
previously. The jury was composed of in-service science teachers. 
y E. F. Lindquist (Editor), Educational Measurement, op.cit., p.617. 
CHAP'l'I:~R III 
EXPERIMENTAL PROCEDURE 
1. Preparation of the Demonstration 
Dea1gg1ns the apparatut.- The mala source or 
difficult7, encountered during the planning stage of the 
demonatrat1on, wBa 1n constructing a Yiaual deY1ce which 
would indicate an increase or decrease in temperature 
condng t'J"Otft friction. A second d1tficult7 waa tbat of 
obtaining a au1table container which readil7 conduete4 heat 
and which could be attached to the measuring deY!ce. 
The tirat d1tficult7 waa solved b7 ualng the principle 
ot increased and reduced air preaeure upon water confined 
in a tlaak. The aecond d1tf1cult7 was solved b7 using an 
ordinary copper planter, otten uaed in bomea tor decorative 
purpoaea. By sealing the opening at the top ot the copper 
planter, w1 th sheet copper, one opening remained clear at 
the end of the spout. 
The arrangement ot the i tema conai.sted of placing thea 
1n a straight line on the top ot a well constructed box. 
The copper container had to be placed in an inverted 
position, 1n a :reoeaa eapec1allJ" made tor it. 'l'h1a 
arrangement permitted the spout to point toward• the t1aak• 
-as-
_._..a the box. !he ~tta ot tbe plant• ..a 1.,. 
...-oaed to the top of the box. The ooppw botta& tbaa 
.. 
.. ned •• a le¥e1 11\d'taee o•• wbleh the wb .. l ••-..ned ~ 
the Motor oould U.ttel tdthoa- ..-. dlfftea1'7• !he aot~ 
a. ttqulpped w1 U\ • "lded '"'Mllns ..:td 8lld pl.a4!led oa 
rabbftt !IOUD-1D&a to proYl&t ample ol....,..., •• •• 
d_,.atnttaa. 
~ ttlbl.na •• at"-ohed to the ·~ ot tn• ooppw 
plaaM~t, tbu MftllMttna lt to a &laa• tube wbleb • ..._.. 
the thalt tbJiotlah one flf Wo hol• to • ~ ·~· 
Y:1te tube hoY_.. o...- tbe Uf&Uld ta the tla.at. A MOOAd 
tube of alaaa .._. ple•ed 1a ~ J' IRSID!ng hole f4 Vle 
e~pw and t.ouobod tbe bot-. or the tl&ail, paaatDa 
~ th4l U41.ald. Thle aaoend ..._ ....... u \he 
•-•urlna dftioe aJUI la about t:nre• t"' la J.eaph .ad opea 
•' the top. BJ' CIOflboUlbc the •ouat o~ t.trteU.oa, -. Ia 
tUft caD conu-ol .ne •l•• or fall ot the oolored llOld Ia 
tbt• ... ODd ..... 
9.1fJ:tlla&.b UPmlM-- One bU to btlt t....n the 
plug of the eleetr1eal wtre 1Dto a wall Q USbl ee'Hik•• Md 
the MO~o• •*•'- tUft'd.ll8 the •••1 ••tae."led to t t, ._. 
~ h.OM ~1tlt1oaa per ld.ntde. '!'he ol .. nnee 
bew.. ti:le wh .. l eel ~· botlo. at tbe ooatalllel' _..._ .. 
Aft7 ,._tun h'toUoa hkln& place aD4 aM'fta •• a •h'J' 
.... UI'4t. 
.., 
17 p1Ae1ft& OIM band OD the top o~ ~ &ae~or hood aM 
pHaalag do~. tn. operator cauaee the attached wheel 
to beQt 40Wft oa the eopp.- bot.toll of the plaa•••~ ftle 
talleat glaaa tube wlll .. at•t~r a detlftlte ria• of ~ 
ltq.S.d wtthta OM or two mllluha. C... abo\t.ld be taJr• 
not w .. ..., auatdnect preaaure Oft the aotca- -·· • na• 
haa bee 11ldlea'&ed ahoYe the l'Ubbflr atoppw la ~ 11.aa1r. 
'!he operator ahould allow attr~lclot ttM rw all the 
hea-.d atr 1n the coaUlneJ" to paaa ~ ~· rubber hoae 
ldo the tla*~ A allah' riM will alwa;ra be ao•ed an.. 
~~· aotor hae bMa a110ftd to ~ baotr to U.. Ol"lataal 
atuUna poa! UOD.; 
Wh• tbe alP tn. the ooppe.v coate.lfter and the tlaldt 
bepne to cool• a .S.eltu ot the ll4,Ut4 ta 'tb.e tub• wtll be 
ao-.to.t. the •p•ratiio• UJ ue tb1a aa a-- f4 
l11M.eetlra4• \o hblaelt and to the ola••• Uw• .,.... tJrtot1oa 
maat be applied t.o Uke ~· ooluao 1'1ae qa1a. 
a. c_..,..uaa the ., .. , 
AtluUM Mll ..._ ... •• ape.s..nt• ••leoted IMft7 
lt.aa beeauae \b.Q ._.. wtt.hlra the ..ala ot the..,...__ 
/ 
o, fourth ad alzth srede -puptlaw Otl•er lt6a wen oboe• 
beeauae th.,. had a gaeral relatlonablp to the abow 
mentioned esperieaoq. The aaauap't10G aade waa tha' the 
cht.ld would deduae Ule oorreot aafter upoa reeopl'tloa ot 
polah or abd1ar1 t»7 1a tbe tuoduumtal Hf.lU!~....-a ot 
r.loUoa. A tb1r4 group ot !~ ... batted Oft tM 
appl1cat10B or the deaoruttl'&'t10A. 
'ftle reapoaaq ot t.he ~hd ._.. a..._.d lA a 
41 tte:rent order t.hall those of' tb.e P""'"Mat to eUadut;e 
the poae1b111 ,,. on •n• J')ar• o~ the pup!la ot -.-ol'lalfta 
-h• poa1t1on cf' their.,.....,.. Oft~·.,.......-. 
1!rJ4I tl&- A twtal wa"t waa ac.h11llateM4 to.__. 
.. ,. ttt- snde pupils. fh1a lftd.e •• ael..UCS beoauae 
lt was lddwa'f billweftft the fourth ud alxt'b-sn• SJIOUN• 
'fhe f'lttn gnde fP.'CNP would DOt 1M wutd latw S.n ~ 
'Naearob. -rhe '"' eoa.t•••d ot tbln7 lt;-• Both a '~ 
pre-t•at net a peat....._, ..... adldala'len.S. 
!MIIM• .. Thoae lted tmow11 M be aot; Ml"''lftS 'H11 
W8H e1t111aa'tetf al'lfl Jf&plaee4 trltb ...- lt••· !lM rtfth 
grade na4 dif''t1oult7 wt \h fou 1 ,.,. eoaeet'rllft8 the 
app11oat101l of tlM prJ.ul.ple. The tlnal ••• OOfttllat;ed of 
\b.trt'J 1'-• 
a .. Dau on eoope..tba &Oboola 
Dll I~ IXIHR UU IA.Hll .. •!fUIZ•- the aohool 
.,. • ._ t.a loo.Md 1ft • -.xtlle oitJ' ot north81'll Rhode 
I al8114• wblcb baa a popt.tlatton. ot tlt~ tbouarad people. 
It eot~atab ot alzu• el•eotarJ Hbool•• ODe j.S.OJ' blgh 
aebool ~md ou aeAlor hlgh aob.ool. It operat•• oa • 
•• 
a~UUael 'budget ot clo" to cae l!llll1oa dollars. fbeJt.o aM 
bft,.... oaa n-.dred e1stl•J' and two h\IDdNd teae~:~ ... 
eMplO)".:i b7 the oi ''• 
W1 th the eso.,tloa ot th• jalos- hlp ••"lool aftd tbtl 
aeator high aehool ptt1aelpa1a. all otb• pJ'lectpal• an 
teaOhtq.prS.ao!pala. 
Wttbta .-...nt , .... m&l.\7 l~.,...nta baM Mea mad• 
w1tn1n the adllta1avat1on. ntl apeelall•ttoo a~••• 
:}tlwol,A ... It u louted ta a •11 popuhted aeo•toa 
ot the e1'7 end la 1...-17 a ~1deatla1 ..... !he 
propert7 ln the J.Justttnate ...S.otDl-,. la nll oared to-r 
although. tnere la lltt.le rooa ,_lrd.q tor ...-usaa ot 
the area. 'lhe acmool proper,, la loea&ec~ oa a p~ or land• 
ene1roled tJ7 a wood• ploket tenoa oa hO as--. aad a 'taU 
chain taee OD the o~er -.o ald... tn_.. are no pal'ka la 
the ltEaediate arM and the aebool plqfP'OIIftct .. ..._. as a 
e~1 '' pthenns place tor Ule MllflboS'boocl ohtldren 
1a the ._.. u ... 84• eltJ auperd.aS.oa. 
'me aehool plaa.t 1a one et tn• olde•t la ~· et.-, bu• 
te bpt t.a poet ..,.1.. The bu.f.l~Diq ta n•hd b7 eoa1. 
'lh• Mbool haa an ....,ll•tmt of oae ba4.-.d tttQ 
pupil•• who eome tl'oa a14dl• etlaaa tamlllea wboae 
OH\JPitl.oaa are la tile sk111ed .,.dee &ftd 1a ..-11 nta11 
but•ea•• 
&etenoe 1a pHaented 1nfoMall'f at the el4111.MDtaJ!7 le¥el. 
Tbla partdcular butldtns conatsh ol one ktaderp,r .... 8o 
/ 
t1 tth pe.dea and '" at 'db jftdea. OM ~ dedpated •• 
a tu•ure elaaa to• petarded chil~ Sa u.eed ~.....,117 
a a em al.ldt.o-Yl~tual a1 da -.!. ..tas J'OOIIJI. 
Pt" t.eaohel"a OGOUP7 the butldlhS 1t1 ~ one aer'l'1ft8 •• 
pl'1no!pa1• A good ae' ot ao)'clopedlae 1e aftllahle ud 
the sehr..~ol haa a aoUftd l)I'Ojeotor ami al!de ttla pro.feotor 
at lta d1apoaal• 
!fJJ?!I Ji'•- Thla bu1ld1ng ta a laPS•• two sto17• 
wooda fJoalM butldiq atlftOUDded b7 a lara• ple7 &Nae 
'rhepe are a!x toae.'1era tn thla bu1141na. oae anlnc •• 
prinetpa). 'the aohool em!'Ollvtent &'NMSM about eae 
hund!"ect elah'7 ptJptla eaeh p&r.t A ~ aotilft ,..,._._ 
teaohw ••soc1at101'1 group 1ft thla eohool dlaVS.ot hu 
proY!ded a •n•tJ of audlo-.t.JIWll 8fllulptten-\• lft a4dttton 
to that pl'O.S.ded b7 tbe Mbool eaua1tt .. .a 
!b• bu11dln& 1a heat&d b7 coal. tz'he aehool NOI'Ia haYe 
reeen,ly MilD r.ctMONted. LlbJial7 raolUUea are rat.-. 
Se1enoe !a '*'liP' oa an 1nfoJ!111Al beats. Thh lNlldlft& 
do••'' ba ... k1ftde ........ 
~ ,c ... !'be bu11dlna la • ..., .~.,.. blolr 
btl1ldtns bdlt ta ld.aeteen hWl<lr4ld atn••· sebool 
populattoa Sa laraelJ' r.o. _fweneh and Ita11aa•AIMJttoae 
rarl2111ee ud a"""•• about 'wo hWtdl"fKi pup11a ,.._•17• 
I\ 1• located 1a a ver;r hea'dlJ' populated aN& ot tbe o1 t7. 
lt 1a at'\Uated 1n the eeat• ot a _.11 bualneaa 4lav1n 
which haa gron up about tt. A 't'eJ7 bu., matn ArMI"J 
leadlna 1ato the oit7 1a located d1reetl~ ll'l fronl ot t."le 
aohool. 
Th1a aohool !taa a ver, nne oa1"••••1• 1ft the baaemmt 
ot t.~e btdld1D& which 1a uaed tor aehool luechea. !be 
Hhool !a o11 heated. 
The toec..~ progl'C!l oonalata ot pede one h tP-8de 
six. Tbe uu1ld1ft& ?:1aa a1x tenort••• So1enoe 1• tauaht oa 
an lnto..al 1•••1• 
lfbqgl..;!.- 7b1a bulldlq la the lara•' eleaeftttli'J' 
aohool 111 the oltJ tUad !a about ftt'tJ ,...... old. It le a 
three at{:t,I'J bl"iok bu1ld1ft8• !her• an teo large rooma and 
t1 •• aullet- reo1 tat1 iJA rooaaa. taoh ~ h.aa a -~ atan4 
and bubbl••• It &lao hou••• the atete Aaer1oan1at1oa 
pro~ tor nOD-ol U aena. !~llh 1!ld1Y1dual olaaerooa !a 
equipped w1 th daPk ahadea 11h1eb .,... used f'• atad1....,._1 
P"~ 
'nta aohool haa a laqe audtto•1-. equipped w!"' a 
ateae. 1bta hall will aeat abou' tow ~• ftt'Q peopl .. 
2'hla aebool l'ula about the saoat. hlahl~ eoaopolltan 
aohool poplll.atloa ln. the o:t7 aa It 1• 1ooated 111 tbe 110•• 
deaaelJ populated aeet.lon of" the o1 ,,.~ Claa-s Mftge troa 
klndergert.D k tbe a1.xtb patte. w1 th a I'OOa tOP Nteded 
ob.lldrea. T• teaehera are aplo,-ed la thta bu1ldlft8• 
«fhe bu1ldlng haa an avereG• enrolment of two band?e4 
ttf'tJ puplla. 
{~Qrtbut!oa gt mall! 1!!.!90I!£!!1M ,!ehool!• .... In t.he 
tour ooop.,nt1ng aehOQla• a total ot etght elauea -• 
teated. T:-:1e nUII!lbc'P ot puplla ln eeeh grade end 1a eaeb 
aehool :!a flhowll 11'1 '!'able 1., 
=· : ===: =· = - __ ... .....,... 
Sehool Gft4e .. O...dit • foal 
{1) Ia) 
_, __ 
... , ~-r:u (4} 
A ..... • ••• ·~ •• u 158 B •••••••••. •• 1!9 t!1 10 c •••••••••• •• ~3 • .. n .......... , •• _3_ 1t3 M I .. 
Total• ~· lml 219 
c. Te•U.na~ 
:!t!mtd21Ai . .l!!! e£!:'"!!11·--~ eapenaea~e• bad two 
olasaea 1n e~~ob •cltool, whlob "" to par~1e1pate la the 
e~riaen<t. ~)u• to the apleati.J.d ooopU"At.loa and 
ooordlut10G on the part ot tuch.n and pup11•• t.hla wea 
perforsed w1 thou• 8.ftJ' UDdlle cOMOOttoa or wuh t.t... 'the 
t.•••• .. re l'fl•••d out to ~aoh tnd1.-idua1 cla••• A •t•• 
allotmet of tb1rt7 ~1nu.tes W&e eaatsned and proftd 
auttto1ent ~or all pup1la to eomplet~ the teet of th1rt? 
queattou. 
Wht.le ti1e tea~_waa 1a pztt)are••• the expvl~en••• uatna 
a table or rand.ont 111nbera, c:H. Yld...-1 t~.ttush olaaa tnto • eont.ol 
BJ'OUlJ and an espel'lmental poup. !aob olaaa -.aa ~let to 
plaee the ftrst lettw of the group in w~d.ob ~he7 were 
aaalpitd, fD t.he upper Pi8h••baftd CorlleP nr ~t· pa~. 
"1Y1t!tg ,,he RRJIPI•-- ,,_ ctO'IIIJ')letloft of the 
pre-t••'· the pupil• or the apel'lltetlbl poup paaaed ta•o 
'the aeeotld :r-0018, and \bfJ oon~l poup reld1aetl behind. 
'the oontPOl g1'0U'J') o~ the ••eoad rooa left to jo!a tile 
ather ooat.ol lf'Qup, thua leanr.as tbe1r expM'111atal 
el••-••• behind. In. tt-t1a .. ,. ~· Wo &J'OUPII were eaallJ' 
handled w1th • •lnimu. ot e~ta.•• 
<f\!&U frl:t! d!!JtDI!E!Sl!l•... PNYS.oua arNn&e!Hft•• had 
'b•• m.sde w1 th the teflo~l•• lnYOl'f'ed 1n thla •~wtr •• to 
t~e tne of' equipaent d...-d ftH8888J7 f'O"r atl))pOPttns ami 
opepattna the demoaavatton. llo t1~• woa loat Ia 
pPOoeed!ns wt"" UM actual pert~••• t:~ t1.. "'• 
eqta1~artt waa ntO'Hd, the experJ.aeater toua4 1 t to be a 
pod pnetlee to Oheok allot 1M~ to be UWNd of' 
proper behaYlor •' the Cl"tle1a1 •ta•. Cfhe ae~ul tl1M 
eoaauated la gt 'fiGS the ~onat.nt101l to Ute •X~"Platmul 
p-oup .... '""~7 mtnu'••• A pnpa.ncl •Jttpt waa n-et,_. 
tn tlll!soa wt th. '"• aotnal d8!!!onatrat1oa to a &I olvtt1oa,1oa 
~ the ,.S.ao1p1-. 
.,. 
AthWit¥1pg \hO QOIJi•blt•- Th• poa~•'teat cona!sted 
o:r 'the sa,~e thlrty queat!ona bu' tihe :reapon:aea wU"e 
n:rrang,ed ln a d1tter6nt 'JI"der tb,an that ot the pre-teat. 
The t!-me a:llo'tl;'ttmt waa ap1n thlrt:r minutes. The 
el~~~sr<XJIIl containing ttu~ control poup •ook tbla ceat e• 
the &&"!Hrt tlrae the expel"'llUenta.l gl"''up took tne1r toa~. ln 
another claaarr.)OJ'3,. Han;r pup1la f"1Dia.'led th1a teat ear11es-
aa a reaul t ot : ;av1n;3 read 1 t ODOO be~ore. and tn the oaae 
ot the expertlllmtal sroup. ha'fltng ··- the ...... t .. ttoa. 
surne1ent tlae J"GJUllned upon COJiaPlet1on ot tbe , •••• t.o 
show the dt.MO:l:JtPat1oa to t.he eont:ro-1 group. 
tb• •4m1Jallt£!!\19R ot sa• stAt•:L !•11·- '!he atefttal 
teat ueod 1n this atudy was the Ot!a ~u1ok-s.or1na Mental 
Ab111ty Teat! Beta ~eat ~o~ A. In all oaaos 1t waa 
preaentt.)d to thG children,. T:!th the exeopt1oa. ot one aobool• 
the day lift41"' kk1ng the teaJt& on the pr1no1ple or trtctloa. 
b7 the ex.amlaer. The on• ucept.:!.on waa School A• 1D whioh 
case the two home rooa teacher. adm!aia\ered ~~ , .. , • 
...... ral da11t att\er the detaonati"At1 Oft had lMtea st .... 
CHAPTER IY 
Wl'ATISTIC.AL PROCEDURE AND RESUL'l'S 
1~ b~q the Dab tor 8'tat1at1cal ReaeaHh 
9zad&M the teat,.- The experlmen~er. upon eoaaplettq 
the testing ot the prtnc1ple 1n eaeb sobool, followed the 
}')N-Otice of keeping the papers separated b)r grade and 
group dea1gnat1on letters. Tb1a preYed to save oonatderable 
t1me during the aoor1ng of the teats. The mental teata 
wftl'le kept aepttrated bJ grades and aoh.ools. The examtnep 
followed a prepatted anawer sheet tn eorrecttq 1:be pre-teat 
and the poat•teat on the pJ"1nc1p-le. ~e aoor. for the 
nWtber o~ eo:rrect 1 t81U the pupil hac! correct was plaoed 
in the r1sht-..hand comer, at the top ot the t'roftt page o~ 
eaoh test11 '!'he aeor!ng ot the Mental teats wae made eaa1ep 
by ualng a atandaPd ooppeot!ng den ee which aecoaapat'l!ed 
each package ot twen_,-r1.a teat•• 
C9J!1&l1gg 1;1}e ~%!•..,.., 'fhe Pupil Reeorcl Carda weN 
uaed as a cortvenl ent meana of NOordf.ns aU ptapll 
·tntol"RUlt10D, take troa three tea""•• which would be 
neo .. aary toJ! this study • F,aeb card reoorded the pupil' a 
name. grade• group. achool. aOOJ:-88 or 'he teata. 
chronological age. meatal age and the 11ltel11geace quotient. 
The color red was uaed to dea1pate the 8Jlawers the pup11 
-'1&-
ve 
had ool"ftol on the pre-~••'• to deatana~• whether or not the 
pupil belonsed to the ootatltol group o• not. emS rtllAllJ,. 1• 
,.. used to taarJr the mental age 1n montil-a oolumn. The oolor 
blue waa uaed to ~Uh.lre the pos-.•teat and Q dutseah 
wheth~r or not the pupil ••• a strl. 
~. Perf'omaaoe of P:ltt'wtHlt ~ealal Age Oroupa 
~.a!!blllbln& ,b p•sU.MJ .... The pe.tc~ntanoe of the 
dl tter.nt ap gJtO\lP& ot the control llftd e.xp.P11Mtfttal 
'J)01')lllat:toaa w•re made w-1 th t.he poa&•t••~ eeor"• ob-.1ne4 
on the pPlnelple or rrict1on. e, eatab11ah1ng ~· ..as• ot 
the pup1la,. aeevl"dlng to t.~elr t'l8Dtal age a and arrt Ylns at 
~· t'dd-polat of the d1aWtbtat1oaa. the !\lediana tor eaeb. 
fP"''UP were arrived at. The aental agee,. •edtana and 
tnterqwu.•tS.le I"'UU6••· wh1eb. 18 the ld.dt!le nn,. pv carat of 
the aoona on tbe poat-teat f'or the control an4 espert.a.a-.1 
group•• an at••a la Table 2 and Table a. 
Table o. leakl Age•• Medlana and lntU'(.tuerttle Raqea or 
the Poe t•Test &corea tor tne b:nttre Coatro1 . 
Population 
litlllbeP 
, .. , ... 
~ . 
... 
5- aot •OUCh 
1 .... 11 1 •• DOt eaoup 13-11 4 1'1 15-18 
lfl-11 t• 21 10-24 
11-11 18 19 1?-el 
10.11 26 1V 1&-110 
9•U 19 18 10.15 
8-11 lS 8 ., .. 
7•11 ., ., ., .... 
• 
'17 
Ta'ble 3. Mentel A~• tted1 ana and In•...._,.,..1le ~·• o~ ~• 
Poa\-tfe•'t S.Ona '''~'" tbe !;attn ~rt..atal 
Populat!oa 
• == :m:;s I 
Mqtal Age ! lhab• 0~ MedlllA ot the late~t11e 
Range 1n l Teateo.a Poat;-Test Raos• ot the l Yeue ~ s.o ..... Poat.-T••' Seowtea 
:: Ill ::: 
=l ::: III: '" {3} t4l 16-U 1 a a no• enough l._U I 1 89 •• enough l3•U & ao 1'1-23 12-11 1? 
-
21-H 
11•11 ~5 20 1'7-S?S 
10..11 10 so 1'7-stS 
9-ll 25 13 13-1? 
a-n 11 13 11•19 
'7•11 l 19 not enough 
$. The Itea Anal,..Sa 
2fttJ:NA4tlsD o,.r tn~ Jdf:t1Ritz .J!K !&!-- The aHII ot 
4tach cl,1uutr.:>oa waa toun.~ b7 ua1n~ the torn::Nla V. AR-~'f~· 
Having obte1ned ~· ~••n• tho atan~ard deY1at1ona o~ eaCh 
claas r<;oaa. na obtained• rollow1ng the fOJ'mUlar ~fJ"'•fPf' · 
BJ ;.,ul t1pl,1ng the atandal'd denat,.o:a b7 t.'1·te zu111bor 1. M the 
lin.lte or t.~Ji ald-e1gh"7 pe:r cent •• tou.cd tor each eleaa 
rooa. 'fh!s l1a1t for eaoh olaaa rcxa ••• added to the me-u 
and the aum woult! ,.S.eld tne upper score. at and ebo .. which 
would g1ve the deYiatea of' the upper teA peP oent or each. 
olaaa group. l!y aubU.ot!ng the lllld' at each el••• t'"OOM 
f'rom the mean. the lower ten pGI' een.t or tbe d8'91etn wa• 
obtained. B7 ezoludtna the compiled ruabaa- ot de.S.atea ho1a 
t!'te total populal.loa. the 1nYeat1ptor ned afti'1Md a.t the 
al.....S.pt"J' per o•a• o~ the 'total maber of puplla partakiq 
1n tlle aur9..,. !be denatea were not uaed aa pan of thla 
atudJ• 
Dnemlnat101! gt !!\!! uppez yd lower ,._h-aU!JI 
a•n•at·- The ata-.t&ht'J' per oent waa mal t1pl1ed b7 
twent7•aevea per cent 1n the oaae of eaoh olaaa JIOOa• utas 
the ezperlaental poup onl7. 'lb.• produot ob-.lne4 4etend.ne4 
th• naaber of pupil aoorea to be deduc'ted trora the 
pre'ri.oUlJ' obta1ne4 elgh~ per oat. 'fbe 840r.a ot the 
puplla'aebleYWment were arranged 1a deaeend1ns order before 
taking the twen.,. i)er oent of the elgb't7 per eat. The aala 
P\U"Poae of arr1 Ylns at wentJ'"-aevea per eent of the appep 
and lower reaehea o-r the f!POup waa ~ pJI'OYide the reaeareher 
w1 ttl the maber ot p\ll)1la BOO .. a&rJ" to per1'o:.rw aa 1 a. 
aaal.7ala ot the teat on tile pr1aelple ot h-lot:toa,. 
Detepde1gg th• <Ut(1pglt;r J.pdg.- Baeh ot the th1K7 
q.ueatioaa Ul .. e.-4, oonect17 waa eonatdered. la teJ.'IU ot the 
proport1oa pa .. Ulg tor the upper fourth and. lower to~~ 
and the upper ai.xth aad lo-. a1sth ptadea. ftle proport1ona 
ot aueeeaa were then corrected tor Obaaoe. ua1aa the 
Gu1ltor4 Table. . 
'lhe Dana Itea-ADal'Jala Chart provided a Dlaerioal 
1nd1oat1oa of ~ d1tt1oalt)" le'hl of eaeh 1ndiv1daal tt .. 
relat1Ye to th• other tt•• admlaiatePed to the •-• aample 
ot teateea. Oa the ebart. th1a nUIIlber waa alwa7a toUDd aa 
tile aeeoad n•h•r ot ~ ...-.n tm doh llae. 
lnltd.B!'\ins; tb~ !~•' ... ,!,_. ... All 1U.a 110t aeJIY'lng 
well Wffl"e elbdnat~td by the t"ollottlft@ n •• OM ~·rtat 
.,. 
1. Yihen ~he d! ft1 oul t7 index ~o-r the 1 tea lnd! eetee no 
pia tJtoRa the lower gpa4e pa-e-teet to the htgher 
grtJde p.M•MM 
a. Itema tiwt lil"'$ too ea•y• that la, •n.D '71 'P&P eaat 
ot the puplla 1n the lower grade get the ~~­
oorrec-t on the pre-t••• 
3. When tbe d!fttoul~ lodes tndleatea no piD r.o. 
the ~teat to the poat•teat at both srade lewb 
oa &hJ' !tea 
f. ~,~ben ~1• c.Uff'ieult7 lhdex tnd!•t•e no getn f"roe 
the "Pre-tot to the poat-test at both poade le-.ela 
Oft .,. 1teta 
6. Jllum the dtf:fleultJ' 1ndex lncUoat•• • ~1n at the 
lower gr11de and a loaa at tn• UPtteP pede tro. 
pre-teat to poat•t••'• 
A total of ~1snteu 1 ••• ••• eltYd.na~tJd b7 tollmd ng the" 
eP!ttt..Sa. Th•s• are ln~f.eated b7 aa ••t.vtek ln ttw t••• 
tn the appeD41a. 
.. The 'feet or the Pftnetple 
R6"&Dd1DS ,the teaS!·- Upon elialnatJ.ng 'tn. tt ... whloh 
wePtm't ael"dng well• t..ltere were ••1ft 1t•• :rt~~Ui1n1ng. 
'!he p:pe-teat and poat•teat Wf*M l"e80flred• 'fhe ·-· or 
80 
tn..ae new .. c.._ 'ili"•N und 'o tt.t.•~-- •"• t'Jleqt.t....., ftff la 
'\he cor.qmta't!Oft ~-r the eoeN'1eiftt 0-t et~ltt!oa. 
Ztlall .~-.ttl~J!d ..S:( .tislt\:'£ur!'&~Ua.-- 4fh• 
toll•J.Wlag t~· .... \l#iii!'ti\ to nn~ tb• nllabtllt,' of tl\8 
twelv• 1 ot~ t.•n to• t,~e t'~h aatt· sinh _.!feat 
• = ' II ... ... eao,-it 
'll:te t•elv• lt•.ma now Jl'~lalng ,.,.. CKmttt1 ... ter~4 •• 'ttt• real 
t•·~ ·<tf tn• pP1aoJ.ple. u~ 'n• al.taft .toNt.lla $tle f'ot.u•tn 
~a4e t4at. •~-• fouad to haY• a r•llA~~~~lllt' of •U.. 111h .... e 
~·• a.t.:a\n ~4e ._. ah()\NCI a re114h111tlJ' f.)t ·'"• 
'fatt1• 4. Oftd:Q e &ad 4 l!4ttL'ltt a4 ~taatt.M r:.catltOilll ell 
tl:te ~1'-t. tG• trie ~'l'l.._bJ. ..U Coltt.Hl 
r.,.latt na oft tbe ~1... 1 ttM~ Teat r:;rt Ut• 
~r1utp1• 
lM al11ll:r . .lfttl-... 1M~ d• '·r. ft· • .... •• 1 •:t-tt 
.,. u~•4 \o ~taln d. . ftllb "• whioh wu !n tufts a .... ...,. 
tor a ....ad t~ lt-a.aad._ Wbteb ftM11J' pw U. 1..-.1 
or ~-··U7· ~ ... ~ .... used la boUl ,pttlft ~~ .. 1•· 
81 
~or the ezper1mental and control groupe on tbe pre-teat and 
post-teet of the new twelve item teat on the p!"tnclple ot 
frietion:. 
Upon attaining 9.55 as the d1tterence. 1n the ..oond 
:rorm.ula by tm.7 or example, the ntaber waa rotaded ott to 
equal 10, m!ch would be the leYel ot manery. It waa 
then neeessary to :t'1nd out how maav 1n eaeh grade grooup 
~nd on eaeb different type of teat aotuall7 reaehed thla 
leYel or mastery• 
ProRottion ~ass1,ng the ~··~·-- When the nuaber o~ 
eo~et items neeessa17 tor t~tastel'J' on the twelve 1'-
test were known. the per~eatage had to be arrived at. for 
the proport'!on "'"ute1ng figure. 'ibis waa found by d1v1d1q 
th.e total mlntbelt of members nr the piU'"t1cular grade group 
into the number of 1.t&'!'l2s that pema!.D above the flpre 
arr1 •~d at tor the mastery level. I r the maatel"'J 1.-...1 
w~s t~n for a twelve item test- then two !tema would remain. 
It 1e t"1!s matber two which would serve as the d!YS.dtmd. 
The answer or the dlY1a1on would be the percentage or 
pupils ~10 reAched mastery level or over saeter,r l••el. 
·, 
!able &. Grades 8 and 4 Pre-~eat and Poet-Test Meana• 
StandeN rlfn'tatlona and Proportion Paealq 
the Twelve It• T!tat ln the Control PopulaUOA 
I 
1 ,......, .. ~ l Poa•-'!'••• i 
I 
Standard boportloa I Skftdard ~loa 
Grade ... .DedaU.on PaaalftS la MMtl 1 Dedattoa Paaatns ta 
Pei'Oell"tas• I PeNentage ! i 
111 l1!l (3) (41 Ui} I {8) l'll 
! 
Slx 4.137 •• toe •,C 4.11'1! 2.0 .. 
·-~ I l.an. ~ Four 3.1!86 1.799 :5.1711 
i 
Table 1. Gradee a aad 4 Pre-Teat and Poat-Test •ean•• 
Standard DeYS.at.!ou and Proponloft Paaa1ng the 
Twelve It• 'feat 1n the J,xpertaeata1 Populatloll 
5\aadarcl 
G:rade lilean Dertatlotl 
Six a.I06 
Four 3. t!62 1. 300 
sun.dard 
M"n r•.s.at1 
CHAPTER Y 
BECAPI7ULAnos 
1. Oonoluaiona and Interpretatione 
Wba$ the survez baa show.~ It ls the opinion or the 
investigator that a definite conclua1on can be arrived at 
as a result ot the survey on the grade plaoeaent of the 
pr1nc1ple of tr1otloa." It appears reasonable to conelu.de 
that thla particular prlnc1ple 1a too ~1ft1oult tor the 
fourth grade and tor the sixth grade• 
There waa no appreciable increase shown on the 
pre-teat 1n regard to aChievement for either the fourth 
grade or the sixth grade• thus the randoa selection ·waa 
CODsidered a good one. 
A eoetfiolent rel1ab111t7 of .77 1a acceptable for 
this SUl"V&J'! 
The 1tema were more difficult for the fourth grade than 
for the· sixth grade. The fourth grade showed no gain 
whatsoevnr in terms of the proportion paas1ng• for either 
the control or experimental groups. The sixth grade 
Showed a definite gain b~tween the control and experimental 
groups but 1t was not a1gn1f1cant of a level of mastery~ 
As the ·t:ental ages increased the pupils scored higher 
on the teats. 
1'1• ·DlUC?. ot . .ih• •9'!!1·- It haa g1YeA eYldeaoe or • 
substantial nature,. that the pupils tMted 1n the !'ota"th 
£~rade en1 the al:xth grade ar& not ready ~ rece1Ye thle 
prtnctple aa p-art of a ac1ence etUT!.eulUJ!Il. Ind1eat1ona 
lead thla 1nv•st1gator to •'>Oknt.)wledge the polat that pup1la 
Oft these gra~e le~le haye not yet had aafftolent t~l 
ao1ence teaoh!ng baekground nor out ot aohool expeptence to 
aoquaint them••l•ea wt th the '\'&l'ytrtg aapect.a ot rrt ctloa 
undertaken tn thia aurve7• 
sugeatiog! toJ: .. f9.dc"'!E ••!•nargQ.- W1 t.h the 
antto1pat1on of ru:rther replicated studies ot the pr1nc1ple 
of trlctloo by future degree candidate•• ~ t !a suggested 
that th!.a prlnolpl~ he introduced 1n the aeftnth grade. 
This 1a auggeated 1D ter~~a of the pert'omanee ot tbe atxth 
grades taking part tn the sur••J'• An 1ncl'"ttaae waa shown 
tnlt 1nd1oat1una lead \.."le teeter to beltaYO t..'lat a aarked 
1n~rease 1n aoht••~~nt would be at~a1ned b7 lntroduetag 
!t to a Lir;her grade level. 
APPJflfDIX 
.. 
..... ___________________ G.ade_________ Senool._ __________ _ 
no,. ( ) 01r1 ( ) Age ( ) BlPUl "Date ·~}f.o-n-.ih~-.&-.,-'lnY!-.. -.--
IfStJ!t.fCti:.JJi§: Tbe tMoher will •how 7':JU how to t111 tn the 
b.~oank spacea below. F'or the beat reaulta., read eaoh quea~lOD 
oP atat0"1P.nt oaHfully and place a check mark 1n tbe 
parenth.eala. beetde the eorreet ....... l:4teb it .. haa onl7 
one oorpeet aaawer. Be ~tUN to at\awer all the queatlona.; 
1. 
{ Hal ( )(.) 
( )(o) 
( )(d) 
2. 
( }(a) 
( )(b) 
( He} 
( }(d) 
a• 
( )(a) 
( l(b) 
( )(o) 
{ )(d) 
... 
( Hal 
( )(b) 
( )(e) 
( }(d) 
*5. 
( Hal 
( )(b) 
( }(ol 
( ) (d) 
What oauaea the aeat ot a boy'a duDgareea to beca.e 
.. -. aa r...e altdea down a alldet 
The allde is coverttd with ,...... 
The pallta -ppeaa aga.lnat the wood aa be coaea down.; 
'I' he allele tan • t. "17 al1pp_,.~ 
'!'he boy 1sn't pr1taa1ng againat the allde •• be 
COIJG8 dowft. 
~ba\ JHkea the blade o~ a aaw we~m wb.ea. a per-eon 
ta aawlng 1100dt 
Tn~ blade ot the aaw la rubbing asa1nat the wood. 
Tn• heat 1a oomlng from the -;>ePaon'a bodJ' who la 
aawtns.: 
t.rhe tblcknaa• or the wood 
The 14N'lgth uf the ••• 
It ta 110re d1t;f1oult to pull a box •lthout wheela 
t.~ an c:me vd tb wbeela • heoAuaet 
The wheels balan.oe 'She box. 
Rolling acmtethlng 1a eaal$Jt than slldlng aoseU'tlng. 
A box ;~ecomea l:,ea'YJ' wl t..'l-JOut w;"'leela.-
It 1a eaalel' to al1de smae~dna than to 1"011 
a011.et.hlng.' 
fihat happens whet& a p•son sharpens a knlte agalhat 
a grinding wheel? 
on1,- the metal ot the kn1.te weara awa,.. 
Wothln& happen• to el tber the knt f'e c,P the atone. 
Only tbe stone •••1"8 awa7. 
Both. the atone and the krd.fe are weartng awe,.. 
Indiana started a tire h7 sp!nnlng a atlek• on top 
of: anot.."ter fiat &tiekt COYeJ1'8d With drf lV888 aJld 
twlga. ~by does thla happen? 
Only Indiana eaa do thla. 
The ground la ::;ot ~nout;h to aet the materials on tire. 
ThGJ aplrming stick causflld ~flO\lbh heat to aet the 
3&tertela on flre. 
8eOGll8e of &11" preaaure. 
os. 
( }(a) 
( )(b) 
( )~o) ( ) d) 
.,. 
( ) (a) 
( )(b) 
( )(c) 
( )(d) 
-a. ( ) (a) 
( ) {b) ( ) (ol 
( }(d) 
ttD. 
( )(a} 
( )(b) 
( ){o) 
( )(d) 
10. 
( )(a) 
( )(b) 
( )(e) 
( )(d) 
·:'f-11. 
( )(a) 
( }(b) 
( Hol 
( )(d) 
1St. 
( )(a) 
( i(b) 
( )(e) 
( )(d) 
WhJ' does a pereoa•a banda 'beoorae Yen hot Whea 
alldlag dowD a ropef 
B&eauae their hands are drJ 
iJeeauae the rope and the handa rub agalna- eaeh 
otber 
Beeauae the rope la made o~ heap 
Eeeauae tl"'.e1r handa are allppai'J' 
Wh!oh of the following deaorlbea ~otloat 
It :t a the same •• &NY1 '"• 
It 1a Muaed b7 hea~ 
It ta the reatatt~nee produoed when one aUPtaee ruba 
agalnat anot.ber. while ao..tng. 
It la oauaed h7 atr preaaure. 
'lhJ' are groovea :made ln auta.oblle ttreaf 
The)' wake the t1r .. look bett•• 
Thq cautte leaa ~lott.oa. 
They make the 1L~e•l• apln r ...... 
*lntt7 ause ftloPe f'rlct10ft bet.ween the wheels and 
the road. 
Wh'J do we ... people rultbS.ng the1r baada top\h• 
1D ~· wln••• ti .. t 
It 1a a •7 p.ople ha•• ot _..ttna .. ob o~r. 
Yhe rubblag aotloa wu.a theta- haftda. 
'lhe rubblna aott oa cool a tbelr banda. 
It 1a • habit eoae .-ople haw. 
ttft7 abovld a boJ put oll on all pawn ot hla 
blO)"olef 
To leaeen tbe wear ot tbe par~• 
It eausu aore rea1atanee to the ·IIOY1ng pe•••· 
To g$t a .-oother rlde 
S.eauae scu•'boq elee waa •••a dolDS t• 
Mlat ta the heat reaaon f"or ua1ng a rug to ooY8P 
the noor'l 
It ••kea the t1oor a11pper,. 
It oauaea •are wur on the noor. 
It preYenta w"ar ot the t'loor. 
It mtkea the fioor beautlt\ll• 
3aad 1a plaeed on toy roade ln the wlnter ttae 
beHOMI 
It aak tta the sur-tao• cr the road l'OUgber. 
It pron cea Job a ~or l:'len. 
It makea th• rued aaoother. 
It drJ• tl'le road. 
•1~. 
( )(a) 
( )(b) 
( )(o) 
( )(d) 
•14. 
( ) (a) 
( Hbl 
( )(e) 
( )(d) 
... 1 •• 
( )(a) 
( }(b) 
{ )(c) 
( )(d) 
-i!tl6. 
( }(a) 
( ){b) 
( He) 
( }(d) 
*1'1. 
( )(a) 
( )(b} 
( }(c) 
( )(d) 
18. 
( Hal 
( )(b) 
( He} 
( }(d) 
19-. 
( )(a) 
( }(b) 
( l (e) 
( )(d) 
The reaeon aotM boJ'a wear holea ln the kooea fd 
their panta when theJ ta11 dowa let 
The elo~h lea't ••717 atl"'D& 
The SJ'OUIId la too baN 
8'7 
Tbe eloth ruba aga!Jlat the sur:race of the groUDd 
The h07 1e YePJ ol•ll7 
~ba• cauaea cbalk duat to gather 1n the ledge ot 
ti'~• blaekboardf 
'l'he blackboard 1a ••FI haPd.. 
TM oh3llt 1a rubblna agalnat the blackboard. 
The piece or chalk 1a too la~. 
'lha place ot chalk la too ••11 • 
How do the brakt!s or an. autoaoblle atop the wheela 
tJtcat tumtnst 
'l'wo aurtacaa are :rubbing aga1nn anothw. 
The wheel a a low down w1 thou~ &DJ' help. 
The brakea drag on 'the grourtd. 
Oa. 8UI"1"ace ruba agalnat another. 
l'ihat la the b .. t reaaon •b7 we ahoulcl DOt aeut"t our 
llb.oeaf 
It aakea tb• look !'ln., 
We want to see a oh.an&• 1n ov aboe .. 
It weapa out oar abo... · 
'l'l:1e7 an uaco.rortable. 
A atto)q la,.fll ot dlPt 1• beat HI&Ond 1"Jtoa the 
e1nk by ua1ngt 
Plaia soap an4 weter 
Rough oletma1Q& powdel" &Dd a daJip oloth 
A apona• and water 
A elnn elotb •n4 nt• 
Any-thtng tbat le aov1na through a1tt ott o"r water or 
lan4 oaD'• keep BtoY1ng toJ"'lYer. WbJ 1a tb!a traet 
'fhe boq la e1*her too he&YJ op too 11gb-• 
It wtll run out of tuel. · 
Jil"1 ct.1 011 will slow 1 t dOWA. 
Fr1et1on w111 help l t ke4tP ao.tns. 
Wh7 .uet a ~raon who oWIUJ •ehlnel'J' t17 to prevent 
ruat rraa tol'\t1ng oo ttt 
Rust 1a•r~•••• r.tet1i~. 
ftuat .akea .aoh1n.r,r h•••1er. 
Raat apo11a the app .. ranee ot the macn1n•PJ• 
It eau•~• leaa r.totloa. 
tJO. 
( )(a) 
( )(b) 
( }(o) 
( )(d) 
*21. 
( }(a} 
( )(b) 
( )(e) 
( )(d) 
*2?,. 
( l(a) 
( J (b) 
( )(o) 
( )(d) 
4123. 
( )(a} 
( }(b) 
( ) (e) 
( )(d) 
*24., 
( )(a) 
( )(b} 
( l(o) 
( )(d) 
*96. 
( )(a} 
( ) (b) 
( )(e) 
( ) (d) 
How would a talllng heavenl7 bo.S,O eat.eb rtre •• 1t 
t'alle to eartbf 
The sua would "' 1~ on t1re. 
It wotald rub aplaat tbe air and get wana. 
It would alre:ad7 he ora .ttn. 
!£be aooa would set lt on ttre. 
Rubblaa a JUtoh acroaa dl7 roqh aurt•••• oau ... lt 
to light beeauaas 
Heat 1a nt.teed bJ' tnottoa and ••-n enoup neat 
H light 1~ 
T'he wooed doeara• t break and 1 t 1sD1 tea. 
The satoh n.a colored t1pa. 
TM top or t1w matob la .. ,. 
Why maat watw be poun4 011 ewhln parta ot 
maeh1n88 WJed to bore boles Into bard •eula like 
ataelt · 
Water waahea away the din •• by the •ehlne. 
Water ooola off the bot parta ot. ~ tuntlng •entne. 
t.fhe uobtnea uae th• nter aa tuel. 
'lhe water eoola the wan operating ~he aaehlne. 
How would a .. , bl~J.hwa7 lHt &mseroua to • pePSOD 
dr1 vtna tm autoaob!let . 
There la llUOb aoH trt•tton behe.n. Uut tt .. a and 
the road• 
A peraoa ah.otlldD't dr1Ye at1 autoaoblle 011 .. t road.•• 
Ture le leaa trlct!.OA betw•en the t1rea ant'! tbe 
road. 
Aa auta.oblle •••• 1••• paollne on -~ roada. 
?ibJ' do 1ta Sfte apaftJI Whert 1fe 80JI'Bpe a place or 
••~1 along U. a14awe.llr? 
Beoauae the alttewalk la nry bard 
heause the pleoe ot metal la ·~ aor-. 
Th• bot pteoe ot aotal and aand a.-e eeen ae llp&l"ka. 
Soaethlng wa spilled on t.be ddewalk wb.1eh caugh• 
n .. YeJ!7 eaa117• 
Sow d<Ma srea•• Pl"tJftn't f'rtct101lf 
Beeau.n lt ta hea~ 
Beoause it !.a yery rough 
Beoau.ae or 1 ta dark colot-
BeeatlM lt eepa1"8tea t-o l'tlhblng •t.JJtfaaaa. 
itS!tl. 
( )(a) 
( )(b) 
( }(e) 
( }(d) 
11'1. 
( )(a) 
( l (b) 
( l(e) 
( )(d) 
*28. 
( }(a) 
( )(b) 
( l(o) 
( }(d) 
•• ( l(a) 
( )(b) 
( }(o) 
( )(d) 
ao. ( )(a) 
{ ) (b) 
( } (o) 
( Hdl 
80 
Wh)" 1a 1t difficult to wrlte anythtng Oft a pleee or 
gl.aaa w1tb a peno11T 
'there 1a too auob t'P1otlon. 
The penetl la too har4. 
There 1an•t enough fr1ot1CA. 
Tb.e glaaa ls too hard. 
What doea a .. ueaktng doo• hinge tell ua la 
b.appentnst 
The hinge !a old~ 
The ••tel parte or tne hinge are rubbtna agatnat 
each other. 
The alr 1a "#&P"f waN. 
The hlnge 1s made lm;flerteot1:y tor uae oa a door• 
~ doea a baaketball play•• get bru!aea called 
•h-lctton bUI'Ila" wb• he talla wblle runnlnat 
He haa rougb aktn. 
The skin of the pla7er ruba agatn.t the floor. 
!'he noor of the beaketball court la too aooth. 
The floor of the 'baeketball court 1a too rough. 
hila woul.dn't be or 8ftJ' uae ualesat 
4fheJ were made of aeul 
They had • ahaJI'p point to go bto U1e wood 
'They ht\4 aoaa t"Pletlon with "- wood 
A CQ'Penhr uaed thea 
WhJ· doea a aled altde oYer tee ••P.J qulekl7f 
water ~o..a between the aled runners aad ~. lee. 
It aoea ta•te:r or elower beeaua• or the legth ·or 
the alMt. 
Ioe ta ne...- ••P1 I'Oqh. 
It depeada lll'Ot\ the welght on the a led. 
!l_1e tape ~ur.d1na,.- 'the recorded lecture to aocompan7 
t.'"le demonatratlrm of the ac1ence pP1netple-i!tMt1eYe1" one 
.,, ... race 1s moved c~ver ant)ther surfAce there 1a alwaya 
t'r~etton. rea1etance to not.lc·n• wh1eh al~a reault!! ln the 
tl"Ar;Sfuntat!t>Zl or SC»"!e •·f the t',C\Ohanieal energy ot the 
~:~~t:.v1ng t"it'·Jtu~t 1n~o heat Et!'161'{::.J' ant! 1n the wesrtng ... ,. or 
s{}llle or eaoh surface -- w~ts reeerded as f'ollowat 
'roda,- t~e are go! .g to devot;e the n•x• twefttJ' tdnutea to 
learning tibout a prtnc1ple or ao1enee. 'rh• aubjeet w1th 
whio.~ n are ctoneeft'led with ts called tr1ct1oa. Now r""oa-
of us have axperleneed d1tterent kinde ot fr>let.ton wh11e 
playing or helping aotber or rather do varloua thtaga at. 
~· and altbf1Ugh you probably didn't know the exao'C word 
tor 1 t. y:."lll exper1eG:Md tplotlon. 
There are th!-ee th!n&a that al1J87a are conneoted ..,.ttb 
tho •-ol'd t'Jt!.etton and w!. •h{m- which we can •t h&Ye t.tct1on. 
The .t1rat o.t the th.rl"le tohlttB• n.e•eaUJ7 la Ma1atanee. 
Rea1e~aooe ~eane to hinder or to p~eYent soaetb1ng tro. 
doing what 1 t wants to do. t.rhare sre two klnda or 
rea!atanoe. Tile t1Ht. 1e a rea1atanoe o.t aot!on between two 
Y30Y!ng objeete aa t1l1gbt be .tound 1n a large Maehlne • .ada 
ot r1an1 aoring parte. i'aoh pa.pt reaiata tba eotlon o.t 
another ~onna part. 'f'h• aeeond ldDd ot t·ea1ataao• Ukea 
plaoe between on• moY1ng part and a ~ whleh reaaatna 
still or atatlon&J7• 'fhia t~ might bEt t'ound 1n walkln& 
~, the a1d.-alk. Tn~ a!dewalk shows rea1atance to our 
r~1ng feet. If we ~w :l&Jiblea o~er the a1detMlk and 
then tried to walk, we would .rtnd it 'Vt1$J!7 dl.ftloult aa .. 
wouldn't have enough res!atanoe to enable ua to walk 
pl'Operl7t. 
The second thing wh1eh ie ntteeaaaP,T to hft'M f'r1ct1on 
ia a change ot Mot1t:)fl 1nt.o tbat of bf!tt&t• If we wore to 
rub aOMeth!ns over another thing. •• qulokl7 and •• hard 
aa we Of)Uld and t.l'len plaeeti o\11" nant3 on the plaee whlob 
had bEum rubbed, we would reel boa• at that partteular 
spot• :,e te•l heat beoauae aome ot the m.ot.ioa haa been Paet 
with a Peaiaunoe and baa helped to alow the 110tlon. 'l'h1a 
cauaes a waste ot' aot1()11 as 1t la no longer aovtna tz.eel7 
and the waste 1s aeen in the creat101'1 ot heat. 
T"ne thlrd n~••••P.Y th1ns 1a VttJ7 notleeable to 1110at 
bo7• and girl•• that ta, the .. a.P ot d1tteNnt thlnge. All 
ot us have wol'ft tntoga out. 01,ut penetla war 01d •• 1ftt 
write on our paper• The point gets lllttaller and amellel!"t 
t1nall'f we have to throw tt awa,., tlr sharpen !t aga1n. It 
haa worn awa7 beeauae the lead haa been r\lbb1ft8 agatna\ 
the paper, aak!ng rtaarks of GOlOtt Oil the papW and the 
ft&Ot1oD J'OU geve to tt •• you WJ'Oh. 
Oil the table thel'"e !a a maohlne to wtdoh ta attaohed a 
oGttoa wheel. 'thla weel ta going ~ ap1n oYer a aurtao•• 
whiob la really t;he 11.at. bat.tos o.t a copper eenta1neP whtoh 
baa a apout oonneottJd to lt. Tne copper container la 
plaoed 1n a round hole and all you w1ll ••• ut 1 t ia juat 
the h"OttOJa. •rn. rea- of* the oontalnt.!r •111 be hl<ldea 
1naitie ¢>f tho box. itttaehed to the spou.t. Inside of' the 
box• will be a long pleoe ot hollow rublHtr boae ehteb will 
e~e .-,ut ,;;f th.e box through th1a 11 t.tlo hole. !rhta end ot 
the noaa 1a gotn~-s to be attaohed to t.be glass tube Mlleh la 
bent. It la the shortest ot the two t..'lttt go ttvo\lgll the 
atoppG~> ct the gl••• bottle. Tl'1e '"laaa tube whloh baa the 
attached no•• to it dottan't go lnto the Uquld• 1lb1oh 1a 
1nalde the bottle. but 1a pl.aoed sll~;&ht}J' abuve the red 
eolond waifer. CO!Iing out of' the bottltt 1a a aeeond glaaa 
tube• M\1oh la fttUob 1~1" tl"..an the ttl"st. 'lbla aeeoad 
plece of glaaa -.btng la reattng 1n ,._ llquld. 
now JW~telftber• bo'J"• and girl•• thla aeienoe d«''Iftatn.tlOD 
la on the pr1no1ple of f'rtotion. To have f"rtction we I'JU.lat 
haYe tbNe 'tbinga happening at the eac~er tttJ!e; a Na1atanee 
to t..t}e ntOtj on of th~ ?~ovlng {>bjEtcta--weatec motion ehengtna 
t.o ~eat-and \Mlll'" taking place Oft ~be 8\ll"f&C& of both 
th1n!!;a., toaelllng each otn~r. 
1 Af!'l now f:otng to start tht! MOtor. Notloe tbe wheel 
Is sp1nn1ns v•FJ .hlat.. It ia spt.nntnts treely. Nothing 1a 
sl\lW1ng 1 t down. Thia 1a ~~otton whicb tan•t meettn~ a 
resistance. lh:.tlee also., t.he cotton whtHtl., wh1eh ta aofi• 
hsa kept 1 te:; abape and 1a iH~rtact.ly round. 
Aa •• oaaee the ~leEtl to touch tne aurrace or the eopper 
container• the whe•l begins to spreod outwerd, on. the 
bottOf!, aa 1t ru.ba eca1nat the eopp~r oonta1n~r. It te 
safe to snif thtlt ·the aptnnlng wh$el !a now tleetlng a 
rea1 stance. ! t 1e Iltirder ror 1 t to .ep1n a a quiekl7 a a 1 "t 
did when :tt waan•t rubbing over something• 
\ite aa1d earlier that th1a rea~~atance to taottnn would 
e.t"ulr~e into heat. By allowing the wh~el kt brtteh acpoea 
the bottom ot the eonta1nr:·r q.tl1ckl7 and moke it ~eet a 
gl'NtE~r rea1a~c• bJ' pressing d<.:wn on the motor. brtnglng 
the wheel closer to the oontatru~r, 1t will prt:iduoe heat. 
It we h.aft heat, eomtng from fr1etlon, the e1r 1n.a1de 
the container \11111 ~;at wa.rm. and aa waN alr- expands or 
atretehea, 1 t "'1.11 JHl.as throu~~ the spout, th.rou(:?')l tlut 
rt1bber h.oae, ln~ the bent glaaa tube and eauae a cbange 
1n the air 1ns1ee the bottle. Beotua.to there ta a atopper 
!n the glaas bottle•a neek, the str preaaure ts lease-ned 
or red:loed and t:Ht colored 'l*Dt~r ~(:;Vt<::a up the taller glaaa 
tube, wlioh la resting 1n the llqu14• 
~hen you. aee the red llquld r1a1ng up t.ho tube, y<>u. 
will know that the rubhf.ns aot1on, cau!.a.;;d b7 th.e aplnnlq 
wheel (,,n the eovper bottom ot t1;e conte!ner, has eaused it. 
to bt"Oafne WBri4• Aa the COJ>f:H'!I' bottom beoomea wam••• thla 
ln tu.rn waPfita the alr which la 1na1de the eoctatner. The 
warmer the air beeomea 1na1ce, the n.ore ~t alr w111 
N 
expand or- atre'tcb. The qut ekt';lll'" the ••~ alr t1owa through 
the rubhezt hoae and the aore there 1a ot 1t. ~· alr 
prcuttt1lN 1n th• glass bottle 1a lowtJred that tauoh •'·;onttr 
and th*"'r• tfilll be a qutck rlae ot the llllluld u:p the tall 
glass tube,. 
Now e:,1ldren, watch closely ae 1 rill now e&tUttl! the 
11~-4,uld to r1 se t.tp t•:e glotut tube. 
-rae l1qu1d is atart!ng t~., go up tbe tube and you wlll 
aoon see 1t p~tsr8 t}\JI'Ough the 1'"'-1'b'ber a"tot>pep and start to 
cl1'-!h to the top nf' trlfll tube. If I ,.,.. to keep preaelng 
d~>wn on the motor. the l1qu1d w¢Ulti keep rlaing and YtOUld 
••en overnow tbAJ tot) or t:he tube. o.~. don't want thta to 
happen. •• 1t would cRuse ••~py:tn1ft8 &PCtlftd the 4•fsonatrat!on 
\o beCOMe ..-.t and unt1 dy r~ the ataln tba• 1• tn the 
ltqu!d. 
To l)l"'&ftnt th1s llquld from ~:>ver-tlowtnc. n Ollly 11.••• 
to atop prf'~stdng 40111ft on the ~to• and thls wtll cause the 
aptnn1ng wheel to 11ft lta~lf' oft the copt:H!~'I' botteta ~YC th• 
container. once the 'Wheel atop• rubbing ~m the copper• 
there wtll be no Haletanoe and no uwre ttoat. 
l have now taken m.7 hftftd otr the motor. !'he WhHl la 
no longer toueh!nft the oonper. All w• have e do now ia 
to wet t a ve'1!7 •Jt..:::>rt ttme for the re·-lntng weN alr la the 
contatur to oool and we will ftOtloe the red lS.qu!.d 
beglnnlng to tall beek ikutm the glaa• tube. 
Bot!o• tbat. th• nd ltquld ia f'al11ng. 'l"hte means that 
we are n<:rt ,;~ettlng aft7 heat 1"l'"m4 t'P1ct1 oo. . Aa I toueh 'tM 
•otor agetft and press t~ wheel dc;\dt on the surface ot the 
copper. the red column again hegins to r-1••• 8howlng or 
reg1ater1ng tbe !'utat comlnJ; !"POll h"1cttoa •. 
'!~'e •111 nt)W let the lf.quid tall baek into tn. glaRa 
bottle tor the laat lii1rne •. 
Now that the llqtdd ;•aa fallen lnto the glaa.s bottle. 
I want to show ::n~u the th.trd th1ng Whi cb la neoesaary ~ 
tr!ett{>n. itet'll811ber. we have aeen .rea1at~tnoe taking plaoe 
and w~ have aeen the r1ee of the llquld in the tube wh!eh 
tol"' ua that heet ca~e ~ htlctlon. Mmr I •nt 1ou to 
· not! ce the wfMlr oauaed b7 the rubbl ns and the Ohant»e la 
tbe wheel &ftd the copper eontalne:r. JlotSoe,. the oottoa 
wheel l\aa had amall p1eeea t~tken, ott lt •. Th.,- appear •• a 
flne duat. The bottoa ot the copper OOilt&llleJt •• ahowa 
weeJt !D · that 1 t la now bz-1&1*17 poll abed wnerea• before 1 t 
wsa a """ dull r-ed oolor. 
We ·..,, • ..,_ now tlll1ahed ~ deloaatrat1on. oa tr1ot1oa., 
bo·1• aod s1rla., and now I Wt'Juld llke "> aee how well you 
undera~and trtct1on b7 takln& .n• •a.• teat over aaaln. . 
You should now be able to reach a hlS}ler aoore., . ~or 80IIM or 
the th1nga 'lthlch were puz&l1ng JOU about tL:Ja matter or 
1P1et1oa should now be clear to ,oa. 
YoUJt t&aeher will now g1 ve JOU 1nawue\1ona aa to tsklftg 
the teat. ~~ollow the d1raet!ona oloeel7 and do yuur beat wol"k. 
1 te 1 . ont Vi w ot D · on a tr t on out 
7 
• 0 
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